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INTEOBUOTION. 


It seenis unnecessary to repeat that this Yolume contains 
the reports of the various scientific workers at Pusa, 
written in their owni words, and that for them each officer 
is solely and individually responsible. They stand or fall 
by the verdict on the value of their work passed by workers 
on the same subjects in the scientific world, and although the 
misinformed or intentionally vicious criticism to which they 
were subjected in a, certain newspaper last year caused some 
annoyance, such criticism fortunately does not affect the 
true estimate of the work which as formed by the scientific 
world whose opinion is the only one that really counts. 

With regard to the criticism in the article referred to, 
“ that one -searches in vain for a clue to the particular aims 
witli which and the manner in which the activities of the 
‘ Imperial scientific sections ’ are co-ordinated and directed 
or what their labours all aniount to in the end from the 
standpoint of Indian Agriculture as a whole/’ I need only 
remark that of this Provincial Departments of Agriculture 
are the best judges nor do I think that they will endorse the 
views of the newspaper critics. 

The widespread distribution of the Pusa wheals, tobacco 
and other improved seeds : the solution of various import- 
ant chemical and bacteriological problems of general appli- 
cation : the recommendations of mycological and entomo- 
logical methods of control and prevention are appreciated 
throughout the provinces by whose verdict and that of other 
scientific w'orkers of repute we are prepared to stand. 

J. MACKENNA, 

Director, Agricultural Research InMitute, Pusa. 

Simla, 

10th Sept., 1918, 




Scientific Reports of tlie Agricultural 
Research Institute, Pusa 

{Includinfj the liefort of the Im'gerial Cotton Specialist) 

i9i7-i8. 


REPORT OF THE DIRECTOR 
(J. Macke.ntna, C.IE., I.C.S.) 

I. Charge and Staff. 

Charge. I held charge of the office of the Agricultural 
x^dviser to the Government of India and Director, x\gricul- 
tural Research Institute, Pusa, throughout the year. From 
the 8th of October, 1917, I also acted as President of the 
Indian Cotton Committee in addition to my own duties. 
Mr. Wynne Sayer held the post of Assistant to the Agricul- 
tural Adviser during the year except for a month from the 
3rd September, 1917, when be was on privilege leave. 

Staff. Dr. W. H. Harrison was appointed Imperial 
-Agricultural Chemist from the 11th November, 1917, in 
succession to the late Dr. J. H. Barnes. 

Mr. F. M. Hewlett, Imperial Pathological Entomolo- 
gist, on return from leave, resumed charge of his duties on 
the 28th August, 1917. 

Mr. G. S. Henderson, Officiating Imperial Agriculturist, 
was appointed a member of the Indian Cotton Committee, 
and acted as such in addition to his own duties. From 6th 
February, 1918, he was deputed to Mesopotamia to advise 
the General Officer Commanding as to the methods to be 
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adopted to ensure tlie development of local resources, and 
lias now been appointed Controller (Agricultural Require- 
ments, Mesopotamia) under the Munitions Board. Mr. 
Wynne Sayer, Assistant , to the Agricultural Adviser, has 
been placed temporarily in charge of the work of the Im-' 
peria] Agriculturist in addition to his own duties. 

II. WOBK OF THE INSTITUTE. 

Scientific Work. The more important enquiries of the 
year were the following : — 

On the Pusa farm permanent manurial and rotational 
experiments form an important piece of work. But the 
most important work is the breeding of pedigree herds of 
cattle : (?*) a ]iure-bred pedigree lierd of Montgomery cattle 
and (ii) a cross-bred herd (Montgomery x Ayrshire). TJie re- 
sults of crossing are so far very favourable. Alibi, the hrst 
crossbred heifer to complete her lactation period, lias given 
over 7,000 lb. in a lactation period of 10 months - -neai’ly 
double the quantity yielded by a good .ontgomery cow. 
The Ayrshire-Moiitgomery cross bulb,' .lave also proveil 
good workers. Pusa is now able to s, )ly good stuck to 
cattle breeders and zamindars. A sale ot surplus stock was 
held in March when the 53 head oflered, were very keenly 
bid for and realized very handsome prices. Another sale 
is to be held early in December. 

The results of the cross-breeding work at Pusa are of 
very great importance in view of the known shortage of 
cattle in this country and their low milk yield. 

In the Section 'of Chemistry the utility of Dyer’s method 
of estimating the available plant food in highly calcareous 
soils is being investigated and the relationship of, tlie gase- 
ous products of decomposition to the paddy soils, particu- 
larly with reference to carbon dioxide and hydrogen, is 
being studied. The question whether or not the use of 
ammoniacal manures can be advantageously combined with 
greeu-inanuritig iu the case of the paddy (5rop is also umler 
examination. As regards siigarcaue, investigations into 
the eiiect of storing canes by clamping and of windrowing 
are in hand. The importance of these investigations lies 
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in the fact that the adoption of these methods if found 
econpmicai will tend to lengthen the working season for a 
sugar factory in the North-West Frontier Province. 

In the Section of Eotany the most important work is in 
connection with wheat both as regards seed distribution 
and wheat breeding. Another crop receiving attention is 
Java indigo. Besides the selection work on this crop, its 
root system and* the effect thereon of any alteration in the 
soil conditions and also of cutting back to varying degrees 
are being investigated. .The Howards are devoting much 
attention to the improvement of fodder production and 
f ruit culture in Baluchistan as also the sun-drying of vege- 
tables aud the raising of tlie wheat crop on a minimum 
amount of water. 

In tlie Mycological Section the “ ufra disease of rice 
claimed a very large amount of Dr. Butler’s attention. 
Among other important diseases under study in this Sec- 
tion are the black band disease of jute, black thread disease 
of rubber, die -back of chillies aud the tikha disease of 
groundnuts. 

In the Section of Entomology the most important work 
of the year was in connection with the pests of sugarcane. 
The Entomological Department have been able to distin- 
guish no less than 10 different forms which hitherto passed 
under the name of Chilo simfle(o. The question of alter- 
native wild food plants of these borers is being investigated. 
Experiments to test the best methods of storing grain have 
shown that grain and pulses remain perfectly safe and in 
good condition when stored under a layer of sand. The 
enquiry regarding the occurrence within the Indian Empire 
of any insects which may be utilized as efficient checks on 
the growth of Lcuntaiia, a weed pest, is still in progi’ess. 
Life-histories of various insects were studied and useful 
work in connection with bee, lac, and silkworms done during 
the year, * 

In the Section of Pathological Entomology some work 
has been done on cheap repellants to prev.ent Tabanidm 
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attacking camels and so help to check the spread of surra 
among transport and other animals. 

In the Bacteriological Section the following questions 
under soil biology are being studied : — conditions deter-' 
mining maximum nitrification in various types of Indian 
soils, the formation of baoterio-toxins in soils, nitrogen 
fixation, green-manuring and phosphate requirements of 
soil bacteria. The most important work, however, of the 
Section is in connection with the bacterial aspect of the 
fermentation taking place in the indigo steeping vats. 
Great variations are known to occur in the yield of differ- 
ent factories from plants grown under, similar conditions 
of soil and climate and these can be correlated with tfic 
differences in the bacterial content of their water-supply. 
The enquiry has shown that it is possible to avoid IossCkS of 
mdigo by altering the character of the bacterial fcrincn- 
tation in the steei^ing vat so as to secure more complete 
hydrolysis of the indican contained in the leaf. But, 
as the Imperial Agricultural Bacteriologist points out, some 
further work is necessary before it is possible to elaborate 
a routine method suitable for use in a factory without imme- 
diate scientific control. 

Equally important is the work wliicb Mr. Hutcliinson is 
doing in connection with pebrine, a disea.se wbi(?]s ba.s l,)ecn 
largely responsible for the decline of the silk imlustry in 
India. 

The work done by the Indigo Roscarch Chemist, whostj 
headquarters are at Busa, has been published in tin; A(/ri~ 
cultural Journal of India and in a series of Indigo Ihibli- 
cations. No mention of that officer’s work is therefore made 
here. 

Training. A number of post-graduate sfcudcjils atleml- 
ed the Institute during the year and short courses wci-e 
given ill serieulturc. Details are given in the Sectional 
Reports. The following is an abstract :~ 

Nu. ol Stml'.uts 

Agricultural Chemistry 3 

Mycology . . . , . . . . . ] 

General Agriculture . . . . . . .2 
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Agricultural Bacteriology (including bacteriological 
■ teclini'qiie in silkworm disease) . . . . 5 ' 

Entomology . . . ■ . ■ , . . .2 

Rericnltiire (short course) 9 


Besides the regular students, .Mr. B. N. Vakil, B.Sc., of 
Bt. Xavier's College, Bombay, woi^ked in the Mycological 
I.aboratory for a short period. 

ITI. Publications, 

During the year under report, 8 MemoirR, 11 Bulletins 
and 2 Indigo Publica,tions (a special series started to embody 
the work of the recently created Indigo Section of the 
Institute) were issued. 

Twelve publications were in the press a,t the end of the 
year. 

During the year the proceedings of three conferences 
were published, mz., the Board of Agriculture, the Second 
Entomological Meeting, and the First Mycological Meeting. 
An effort, which it is believed lias been appreciated, has 
been made to make the form of the proceedings of these 
conferences more attractive. 

The Report of the Proceedings of the Second Ento- 
mological Meeting held at Pusa in February, 1917, issued 
in an octavo volume of 340 pages, forms practically an 
abstract of onr current knowledge of Indian crop-pests. 
There has been a satisfactory demand for it f rom the public. 

It is gratifying to record that the public demand for the 
Bulletins of the Institute is increasing every year. A 
second edition of two bulletins had to be brought out during 
the year; the first edition of the bulletin on ‘^New Agri- 
cultural Implements for India " ran out of stock within 
tliree months of its issue. There were also many applicants 
for the bulletin on Water Hyacinth — that serious pest in 
Bengal and Burma. This bulletin shows how a definite 
return can be obtained in the process of exterminating what 
was previously considered a useless and harmful weed-pest. 
A large number of copies of the three bulletins regarding 
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the diseases and feeding of camels issued during the year 
\rere supplied to the Army Department. 

The Agrhidtuml Journal of India in its new form is 
increasing in popularity among those interested in the agri- 
cultural, co-operative, veterinary and such like problems 
in this country. As in the previous two years, a Special 
Number of the Journal containing a selection of papers on 
agricultural and allied subjects read at the annual session 
of the Indian Science Congress, was published. 

The grant for publications has remained at the figure of 
Rs. 29,000 previously sanctioned, but witli the continuons 
rise in the price of paper and other materials it is becomi ng 
more and more difficult to keep the expemiiture down 
within the sanctioned amount. 

IV. General Administration. 

Buildings and Works. During the year under 
, report a bungalow for the Electrical Engineer was sanc- 
tioned by the Government of India and the wmrk has been 
taken in hand. Sanction has also been received for the 
construction of quarters for the First Assistant to the 
Imjierial Mycologist and also of quarters for the stah of 
the High English Scliool at Pusa. The condition of the 
j'oads and drainage on tlie esta.te has been much impro\ed 
during tlie year. 

Library. In addition to the 1,J20 bulletins, memoirs, 
reports, etc., received in exchange, about 375 new volumes 
were purchased for the library. The United States Depart- 
ment of Agficultiire supplied during the year 30,200 printed 
subject cards of their bulletins, and these have been arranged 
according to their subjects. The preparation of a new 
catalogue of the books in the library is in hand. 

Pusa School. The total number of pppils attending 
the Pusa High School on the 30th June, 191d, was lOo" 
including one girl student, as against 198 last 3 ’-ear on the 
same date. . " 

G-eneral Health of the Station. The outbreak of a 
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hea.lthy conditions which subsequently prevailed in the 
villages in the neighbourhood of Pusa contributed to an 
appreciable rise in the number of patients treated in the 
hospital and dispensary attached to the Institute. The 
i'mmber of out-patients rose to 20,638 from 11,956 and that 
of in-patients from 297 to 316. Pusa was the only place 
in the district where no indigenous case of cholera occurred. 
Great credit is due to the medical staff for the successful 
way in which they coped with the increased work. The 
general health of the station continued to be good during 
the year under report. 

V. Accounts, 

The total expenditure during the financial year 1917-18 
was Rs. 5,81,723, as against Rs. 5,18,603, during the previous 
year. The details are given below : — 


Rs. 


Dffio.o of the Agricultural Adviser to 
Goveriiiuent of India and director of 


Institute . . . 

. 3,34,865 

Ohemical Section .... 

30,783 

Mycological Section .... 

46,964 

En!.oinologi(ial Section . 

46,100 

Pathological Entomological Section . 

23,493 

-Uacteriologif.al Section 

30,858 

Eotani'eal Section 

46, .203 

Agricultural Section .... 

64,577 

Indig<.> Pesoarcli Section. . 

58,880 




Total 


5,81,T2B 


Out of the budget of this Department for 1917-18 a sum 
of Rs, 27,000 was placed at the disposal of tlie United 
1 Provinces Agricultural Department for expenditure in 
conne(‘;tion with the continuance of the appointment of 
Mr. W. Hulme as Sugar Engineer in. that province. 

A sum of R's. 15,000 was paid as a grant-in-aid to the 
Indian Tea, Association. 

Tho TU’incinal items of expenditure under the annual 
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tural Adviser to the Government of India- for special 
cultural experiments were as follows : — 

Es, 

Experimental cotton cultivation by the Imperinl ^ ^ 
Cotton Specialist . ' . • ' • • _ • 

('Traiit-iii-aid to the Dairy Education Association, 

Indian Branch, for the Quarterly lournal o:f‘ ^ 

Dairying ^ 

Fittings and apparatus for the field laboratory of 
the Imperial Agricultural Bacteriologist . . 1,999 


Storage experiments by the Imperial Entomologist , i'H 
PuTcbase of silk yarn . . . . • • 454 

Grant to the Fibre Expert, for purchase of 11 ax 

seed l/b5P, 

Pay of a Veterinary Assistant in connection with 
cattle breeding, a Fieldman for mosquito experi- 
ments, and an Assistant for pebrine work . . .1,905 


The gross receipts during the year from the sn,1e of farm 
produce, milk, publications of the Department and other 
articles amounted to Rs. 19,843 as against Rs. 17,878 in tlie 
previous year. 

VI. Visitors. 

Fifty-four gentlemen visited the Institute during the 

year under report. Among them were the following : - 

The Hon’ble Mr. FI. Le ‘Mesurier, Member of the 
.Executive Council, Bihar and Orissa; Sir Frank Sly, 
President of the Champaran Agrarian Committee; the 
HoiFble Mr. H. J. Maynard, Financial Commissioner. 
Punjab; Dr. J. W. Gregory, Professor of Geology at the 
University of Glasgow and Member of the Calcutta 
University Commission; Colonel G. J. FI. Bell, Inspector- 
General of Civil Flospitals, Bihar and Orissa; lieutenant- 
Colonel Sir James Roberts, I.M.S., Mr. G. E. Fawcus, 
Director of Piililic Instruction, Bihar and Orissa; Professor 
FI.. Stanley Jevo.ns, Allahabad University the Rovereud 
Father E. Blatter, Professor of Botany, St. Xavier’s College, 
Bombay; and Mi\ Frank B. Hill, a planter in Britisii East 
Africa. Among the other visitors were officers of tlie 
various Provincial Departments of xAgriculture, and 
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planters and zemindars of estates surrounding Pusa. A 
party <.)t members of the Chanakya (Economic) Society of 
the i^itna College, under Professor Sammadar, also visited 
the Institute during the year. 
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REPORT OF THE IMPERIAL x\.GRIGULTlTRIST. 

(Wynne Sayer, B.A. [in charge.] ) 

Eorenote. 

Mr. G. S. Henderson was in charge of the post of Im- 
perial Agricnltiirist till the 6th of February, when be was 
sent on special duty to Mesopotamia. On return he wa,s 
put on special duty to purchase agricultural requirements 
for that country. From the 6th February, Mr, Sayer, 
Assistant to the Agricultural Adviser to the GovernmeTit 
oMndia, took over charge in addition to his own duties. 

From August Mr. Henderson toured extensively Oalong 
with the Deputy Director, Dairy Farms, Southern Division, 
to get into touch with the extensive dairy organization 
which has been formed by the military authorities. From 
October till the end of January he was a member of the 
Indian Cotton Committee. 

Mr. Henderson has now been made a member of ‘the 
recently created Central Foodstuffs and Transport Board 
and appointed a Controller of the Munitions Board to deal 
with agricultural equipment for Mesopotamia. ' 


I. Charge and Staff. 

Mr. Wynne Sayer was in charge of the Pusa farm from 
the 6th February, 1.918, in addition to his own duties. 

Mr. Imdad Husain Khan, Fieldman, left on Ath Novem- 
ber, 191/, for Mesopotamia to work under the Milita^ry 
Department. 

Training. Mr. S. N. De, a stipendiary from the Bengal 
Agricultural Department, joined on 9th August, 1917, for 
a course in agriculture but' left on 21st January,' 1918.' 

Mr. Kalyan Mai Banthia, a stipendiary sent by the 
Ajmer and Merwara Administration, was admitted to the 
general course in agriculture from 8th June, 1918, 
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II. PusA Fabm. 

The Season. The monsoon broke early in June and 
sowings were completed by the middle of that month. The 
total rainfall throughout the year (June, 1917 to May, 1918) 
was 45-54 inches as against 59-67 inches in the correspond- 
ing period of 1916-17, the normal rainfall being about 50 
inches. The total failure of the cold weather rain made the 
oat crop a very short one and also affected the yield of peas 
adversely. 

The arable portion of the farm is worked under the 
following rotation 



1st j^ear 

2nd year 

3rd year 

Kharif 

Maize for silas^e 

Maize for corn 

Pulse green crop 


; and fodder 


Babi t • 

Oats , , , 

Arhar (Ciyamis 

Oats 



indieus) 



The object of this rotation is to keep the land clean and 
in good heart while providing grain and fodder for the 
herds. 

By soiling the cattle on the kharif pulses it is hoped to 
do the land even better than under the usual rotation. On 
the heavy low land portion of the farm this may prove im- 
possible at times, but it is anticipated that it will produce 
a considerable improvement in the 'yields on the higher 
sandy lands in future years. 

The cropping of the various fields of the arable area for 
the season under report is shown on the plan of the farm 
given here, and the yields were as follows : — • 

1st yecif rotation. Kharif maize cut green for silage or 
fodder (a dressing of farmyard manure at 10 tons per acre 
or 10 maunds oilcake per acre being given before sowing) ; 
four fields aggregating 135 acres down under this crop 

* Crop sown in monsoon, 
t C'l’op sown in winter. 

■ . . bS 
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avera^ged 200 inaunds per acre; average income Es. 50 per 
acre; working costs Es. 20 per acre. 

Rabi oats followed in the same four fields and averaged 
12 mannds of grain and 25 maunds of straw throughout, 
bringing in Es. 40 per acre with a working cost of Es. 12 
per acre. 

The best yields were 231 mannds green maize per acre 
in Chandinan and 13 maunds oats in Gonhri. 

Snd year rotation. Maize and rtf sown together, no 
manure being applied; maize cut for corn in end of Septem- 
ber and arhar left throughout raibi for grain; 4 fields total- 
ling 80 acres averaged 23 maunds grain from maize and 
arhar combined, bringing in Es. 70 per acre at a working 
cost of Es. 14 per acre — ^figures covering both seasons. 

8rd year rotation. Kharif pulse either fed standing or 
cut green for fodder or ploughed in; four fields totalling 
118 acres stood under this crop which was followed by oats 
in rabi over 84 acres; the remaining 34 acres standing 
fallow for hot weather maize of 1918 which was sown in 
March. The oats got one maund of super per acre. The 
cost of the two seasons’ crops was Es, 30 per acre and the 
income Es. 70 per acre. The best field Jhilli gave 18 maunds 
oats per acre. 

Sugarcane and jute are tlie two crops grown which are 
exceptions to the above rotation. Sugarcane is taken in the 
first year and jute in the second. Tliese crops are sown 
from middle of February up to middle of March on mois- 
ture conserved by repeated cultivation in the cold weather. 

Sugarcane. A number of sugarcane varieties are 
grown on the farm Avithout irrigation. These varieties for 
the most jiart come from Dr. Barber, the Sugarcane Expert. 
The main crop consists of Red and White Sathi, Purple 
Mauritius and feAv other thick canes. The canes AAmre dis- 
posed of at 6 annas per maund. In the area sown during 
tlie past Amar the cost of cultivation was Es. f55 per acre and 
income Es. 144-13 per acre. 

Jute Avas groAvn on 40 acres for seed by arrangement 
with the Fibre Expert to the Government of Bengal, 
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but this arrangement will have to be tenninated over 
the iiiaii.i area of the farm as it is impossible to spare this 
Jand From fodder crops for the cattle. As jute is a useful 
crop for low ground which is liable to he floodeil diiring; tlie 
raiuvS a.iid consequently will not hold a kharlf crop witli any 
certainty, it will be sown next year in Gujarmallji iield 
which is outside the protective bundh, and consequently has 
to be left fallow in kharif as far as the ordinary rotation is 
concerned. 

Be f seem. This seed was imported from Egypt, but it 
arrived almost too late for sowing. It was sown but the 
result was very disappointing. About 4 mauuds was dis- 
tributed to various planters who mostly reported that they 
received it too late to sow. It will be given a proper trial, 
this year. 

Experimental work. This work was continued in the 
two fields, Punjab and North Pangarbi, set apart for the 
purpose. 

{a) The permanent manurial and rotational experi- 
ments were continued. A bad outbreak of wilt among the 
afhcif on these plots considerably reduced yields for the year 
from some of, these plots. 

{})) The green-manuring experiments carried out in col- 
laboration with the Imperial Agricultural .Bacteriologist, 
were continued in the Punjab field on. the newly tested 
plots. The results are given below : — 


Particulars 

Yield of 
oats (grain) 
per acre - 

I Particulars 

Yield of ■ 
oats (gridn ) 
per aero 


Mds. 


J\kh. 

3 times san liernp fermented 
witli 3 cwt. superphospliate 
per acre. 

6 times eau hemp fermented 
with 3 cwt. superphosphate 
per acre. 

24 

3 tinir-s san hemp fermented ! 
■without superpho.sphate. 

IS 

1 

32 

G times san hemp fermented 
’»vithout suporplmsphatc. 

19 

San hemp ploughed in with 
3 cwt. superphosphate per 
acre. 

25 

San hemp ploughed in with- 
out superphosphate. 

15 ■ 

Superphosphate alone 3 cwt.; 
per acre w^ithout green 
manure. 

14 

No superphosphate and no 
green manure. 
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These plots will all be cropped with maize in Icharif to 
test the residual effect. 

(c) Experiments in collaboration with the Imperial 
Mycologist for determining a method of dealing with die- 
back (wilt) in the chilli crop were started in the year under 
report and will be continued. 

(d) Fourteen varieties of the more widely-known wheats 
were under trial. The average yield per acre from ail 
varieties wms 17 maiinds. The best yields were 


Lai of Jlieitini . . . . . . • .24 

Miizaffernagar white . . . . . . .24 

Pusa 12 22 

Maroo Boojee (Sindhi) 18 


These trials will be continued next year from carefully 
selected seed when Federation and other Australian wheats 
which have done well in India will be brought in. 

(e) The experiments for testing yields of green fodder 
with yields of seed and comparative economic value of the 
common leguminous crops were continued. Florida Beggar 
■weed, velvet and soy beans, ml {Dolichos Lablab), guar 
(Cj/amo'psis psoraloides), math (Phaseolus aconitifolius) and 
ufid {Phaseolus radiatus) being tried in hhcirif, while white 
and purple peas, khesari {Lathyrus sativus), val and gram 
varieties and math w^ere sown in raM. They will be 
coutirmed next year. 

(/) Experiments wdth Java and Sumatrana indigo were 
carried on in collaboration with the Indigo Research 
Chemist and the Imperial Agricultural Bacteriologist. 
These will be continued over a period of years and the 
results will be dealt with from time to time by the Indigo 
Research Chemist and the Imperial Agricultural Bacterio- 
logist in their respective reports. 

The testing of the remainder of the plots laid out in 
Punjab Held c'ontinued. Crops for the various experts 
were gi'own in North Pangarbi and a set of experiments on 
rahar wilt in cMlaboration with fhe Iniperial Mycologist 
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and tlie Fibre Expert to the Government of Bengal were 
laid down. 

Buildings and Machinery. Two new pit silos have 
been dug. This type of silo has proved a great success and 
\ astly superior to the brick tower type, as there is little or 
no wastage at top, bottom and sides, and the silage does not 
dry out as is the case in the brick silos owing to the impossi- 
bility of pressing them sufficiently tight from the top. 

A new silage cutter, Climax, was purchased from Messrs. 
Shaw Wallace & Co,, and was tried during the season; it 
has a feeder attached to it and the chopped stuff is carried 
up by a blast and blown through a pipe into the silo. 

Five hundred and five maiinds of cleaned oats were 
turned out by the 4' 6" Marshall Thresher in one day, which 
is a record, I think, for India. 

Steam Plough Tackle.. This tackle consisting of two 
single cylinder K Class Fowler engines and a disc plough, 
a gang plough, a disc harrow, a grubber, a zigzag harrow 
and a roller, worked for 121 days during the year, but the 
total cost of working this year was Rs. 6,098-8-3, as against 
Rs. 4,034 for 151 days of last year. The details are given 
belo'w 

Statement A. 


Showing cost for working and rnamtaming the tackle in 
im-17 and 1917-18. 



Particulars 

1916-17._ 

No. of working 
days 151 

1917‘1S._ 

No. of workitiij 
days 121 



Cost 

Cost 

Labour 

Coal 

Oil 

M iaoellimooufl 

stores, etc., aud renew'als . 

Ks. A. P. 
1,233 0 0 
1,788 0 0 
300 C 0 
713 0 0 

its. A. P. 
0-1,0 1 0 
1,424. 9 {) 
315 (> 0 
;1,418 13 9 


Total 

4,03.ii 0 0 

6,09S 8 3 
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Statement B. 


Showing the above cost divided into fcdlowmg operations per acre 
in the year 1916-17 and 1917 -IS, 




1916-17 



1917-18 


Fartiuuiara 

Total area 
cultivated 
in the 
year 

I 

^ Cost per 
acre 

Best 

day’s 

work 

Total area 
cultivated 
in the 
year 

Cost per 
acre 

Best 

day’s 

work 


Acres 

Efi. A. P. 

Acres. 

Acres 

Bs. A. p. 

Acres 

Ploughing 

267 

4 6 2 

7 

170-5 

9 3 2 

7 

Disc haiTowing . 

498 

209 ’ 

18 

821-5 

3 0 3 

20 

Grubbing 

1,083 

17 4 

25 

616-0 

4 5 7 

20 

Zigzag harrow- 
ing 

41 

0 14 9 

27 

ll-O 

2 2 0 


Eolling . 

320 

1 5 6 

23 

173-0 

3 14 0 

22 

Totai 

3*206 



1,792-0 

... 

i ' 


The enormous rise in the cost of spare parts and replace- 
ments owing to the war has resulted in a great increase in 
the general working • cost per acre this year. This, how- 
ever, is due to the absolutely abnormal conditions, with 
regard to imports now prevailing, which have necessitated 
laying in a stock of spares sufficient to carry one over a 
considerable period, the possibility of being unable to 
procure spares in the future having to be carefully guarded 
against as we are now absolutely dependent on the tackle 
for cultivation, and the greatest objection to it is the fact 
that the breakdown of one engine alone is sufficient to 
render the whole tackle useless. 

But with the renewals which have been made this year 
(including a set of new cables which will be good for 
another 3 years’ work) the tackle is now to all intents and 
purposes as good as the day it started work. 
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Plisa ia far from being a suitable place to test such tackle 
as several of the fields are too small for economic working, 
the number of stops and turns being out of all jiroportion 
to tlie area run over; nevertheless as is seen from the figures, 
tiie best chiy’s work of the tackle steadily increases and tiie 
rapidity and thoroughness with which it deals wdth the 
work has greatly simplfied the rahi cultivation. 

A new gang plough was tried during the year under 
report and worked excelientty — burying its rubbish far more 
efiectively than the disc plough formerly used. 


lil. Cattle Breeding. 

The combined herds totalled 386 head in the year under 
report. 

The Montgomery herd is divided into }wo portions used 
as follows : — ■ 

(a) For selective breeding for milk production. 

{h) For crossing wdth the Ayrshire bulls. 


The stock under {a) are divided into five groups each of 
which has a separate bull to prevent in-breeding. The 
stock under (6) consists of cows which are not sufficiently 
good milkers for inclusion under {a) and are therefore used 
for putting with the Ayrshire bulls for the cross-bred herd. 
The Montgomery milch herd now contains 119 cows of 
which 42 have given over 4,000 ib. in a lactation period, 14 
over 3,800 lb. and 24 over 3,000 lb. 

A rigorous policy of selection for milk yield is being 
carried on and no cow is being kept on in the milch herd who 
does not show signs of coming up to the standard. 

The best performances among the Montgomery cows 
during the season under report were as follows : — 


If 

Syria ^To. 182 
Joogiii No. 142 . 

Akli No. 231 
Kabntri No, 236 . 
Soomali No. 140 . 


lb. 

5,935' 

5,464 

5,406 

4,738 


Lactation period 
10 months. 


. 4,TllJ 
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The Mon tgoiiiery- Ayrshire cross-bred herd now stands 
at 61 hea.cL 

Two year old bulls, by Lessnessock Wildfire off Mont- 
gomery cows, have been taken up for stud purposes. 

Six of the heifers got by Mossgeil Titanic, in 1915, have 
calved down and are now milking- They have grown into 
good type cows, in the majority of cases taking more after 
their sire than their dam. The photograph (Plate I, fig. 2) 
of one of them, Alibi, is given with this report and it should 
be compared with the photograph (Plate II) of Akli, one of 
the best type Montgomery cows in the herd, which is also 
given. They have got good, well set on bags, flat and car- 
ried well forward, in Ayrshire style — a distinct contrast 
to the Montgomery type. After calving they all came back 
to bull in one to three months and are all due to calve again 
in December, thus showing no sign of the Montgomery ten- 
dency to stand of for several months which forces us to 
maintain continually for long periods a large number of 
empty dry cows, and which is another obstacle to successful 
dairy farming with the indigenous cow. 

In all six cases their calves were weaned at birth, and 
this has had absolutely no ef ect on their mothers’ milk yield, 
which is one of the great improvements this cross effects. 
These calves which are by Carston Royal Scotch are all |- 
bred English, but appear at present similar in all respects to 
half-breds. Two out of the six unfortunately died but the 
remainder are doing well. It is proposed to start this year 
putting half-bred bulls across half-bred heifers, and it will 
be interesting to see whether the result of this cross will 
continue to allow of its calves being weaned at birth. It 
is absolutely essential that this character should be main- 
tained, as with milk at 6 — 4 seers per rupee — which is a 
very low price for big towns— -when the calf sucks continu- 
ously the result is that you rear a calf in the most expensive 
fashion possible, keeping it on milk during the whole lacta- 
tion period of the cow and materially reducing your profit 
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thereby, but this is only one of the many points which must 
be tested in this cross-breeding work. 

The first heifer, Alibi, to calve out of the above batch, 
has given over 7,000 lb. in a lactation period of 10 months. 
Two of the others are expected to reach over 6,000 lb. The 
lactation periods of the rest are not yet complete but the 
figures so far go to show that they will be well above the 
average. 

The castrated stock of the Ayrsliire-Montgomery cross 
have turned out exceedingly quick, strong workers and are 
proving equally useful for fast as well as heavy work, being 
very big and massive without being overtopped. The im- 
ported Ayrshire bulls, Lessnessock Wildfire and Carston 
Royal Scotch, kept very fit throughout the year and con- 
tinue to increase in weight. 

A sale of surplus stock was held on the 30th March, 1918, 
wdien 53 head — bulls, cows, heifers and calveS““Came under 
the hammer. They realized Rs. 5,600, averaging as 


below — 

Bs.. 

Bulk . . . 20a 

Cows .. . . - . . . . . . 90 

Heifers . . . > . . . . . 217 

Moiitgomeiy bull calves . . . . . . 82 

.Cross-bred bull calves . . . ... 9o 


The best prices were Rs. 300 for a bull, Rs. 230 for a 
COW'.. Rs. 340 for a heifer, Rs. 220 for a cross-bred bull and 
Rs. 175 for a Montgomery bull calf. 

There was a large attendance and the bidding which was 
very keen, especially for the heifers and eo^vs in calf, showed 
clearly that there is a strong demand for good class cattle 
ill India; while the way in which the cross-bred bull calves 
were bid for -was evidence of the value which they represent 
for rapidly improving the yield of milch herds. 
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As the herd is now increasing so rapidly that it has 
become impossible to accommodate the stock properly in the 
present buildings, an auction sale will be held at short in- 
tervals in future years, the next being in early December, 
I’eopie requiring cattle vvill do well to come down before- 
hand and inspect the stock, which will be on view for a 
month before the sale. 

The feeding of the herd has as usual monopolized the 
outiJiit of the major portion of the cultivated area on the 
farm, and if the breeding up of the Montgomery herd in the 
five groups already established is to be properly done (and 
this means retaining all stock bred from these groups for 
thorough trial), while the collection of data regarding the 
transinission of characters in the cross-bred herd will also 
require careful selection and observation among a large 
number of animals, the arable portion of the farm will b >ve 
to be entirely devoted to the work of producing fodder and 
grain for the herd, and the question of finding the land for 
growing crops such as jute, wheat and sugarcane, etc., on 
a. field scale will have to be considered. 

Disease. There was an outbreak of foot-and-mouth 
disease in 1917 which lasted some three months and resulted 
in 5 deaths, four of which were suckling calves of under two 
months old, while a number of young stock were consider- 
ably put back by the attack. There was one case of black- 
quarter in the beginning of May, 1918, which proved fatal, 
and in consequence all the calves in the herd — some 175 in 
number — ^-were inoculated against this disease. 

Inoculation. It is proposed to have all the young stock 
inoculated against rinderpest by the simultaneous method. 
This will enable the cross-bred bull calves sold at auction to 
go out into the district without risk and should greatly 
enhance their usefulness, while the ever present risk of haw- 
ing years of work on the cross-bred herd wiped out in one 
attack will be removed. 

The capital value of the herd based on current prices 
now stands at Rs. 42,000, and the following figures give the 
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receipts and expenditure in connection with it for the year 
under revieAV : — - 


Returns 

Cost 

Rs. 

A. 

P. 1 

Es. 

A. 

p. 

Received for .sals of milk G,660 

14 

S 

Budget for np-keep (all 






labour) . . . 3,900 

0 

0 

7 Montgomery and cross-bred 






triinsferred to work 



3,695 mds. 7!;-scpia grain 



cattle . . . . .540 

0 

0 

at R."!. 2-S per ind. . . 9,237 

15 

6 

53 bead .sold . . . 5,600 

0 

0 

9,647 mds. 23 srs. silnge at 






as. 6 per md. . .3,617 

13 

0 

Sheai'i and cast stock . . 104 

6 

0 




- 

— 

— 

5,412 mda. green fodder 



12,905 

4 

3 

at as. 4 per md. . . 1,353 

0 

0 




3,973 mds. blmsa at as. 4 






per md. . . . 998 

4 

0 




19,102 

1 

0 


The net cost of upkeep and maintenance was 
Rs. 6,196-12-9. 

Sheep Breeding. The sheep breeding experiments 
were continued during the year under report. As soon as 
conditions regarding importation improve two new Merino 
rams will have to be procured for the flock, as much in-breed- 
ing is now going on for want of fresh blood. 

IV. Publications. 

The demand for Bulletins on “Berseein ” and “ New 
Agricultural Implements for India ” was so great that a 
second edition of these publications had to be brought out 
during the year. 

A pamphlet was also issued to advertise the sale of 
surplus dairy stock and was widely distributed. 

V. Programme FOR 1918-1 9. 

Major. 

1. Practical treatment of pedigree dairy herd of Indian 
cattle and pedigree dairy herd of cross M'ontgomery- 
Ayrshire cattle. 
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II. Practical treatment of 1,200 acre mixed farm, with 
particular attention to profitable modern macbinery and 
the financial residt of the work. 

The bulk of the produce of the Pusa farm is used for the 
maintenance of the dairy herd. The rotation adopted aims 
at the up-keep of the fertility of the land along with supply 
of concentrated food and long fodder and a constant supply 
of the green fodder throughout the year. Included in the 
above is the study on a practical scale of : — > 

(a) notations. 

(b) Crops for fodder, seed and silage. 

(c) Implements and machinery. 

(d) Technique of cultural operations. 

(e) Types of farm buildings. 

III. Esoferimental work at Pusa. After the preliminary 
testing of the new experimental area at Pusa, the following 
will be started and continued along with existing work : — 

(a) Rotational experiments. 

(b) Trial of new varieties of existing crops, especially 

leguminous fodder crops, American maizes, 
foreign oats, and wheat varieties. 

(V?) Maniiria/i experiments, especially sensona! and 
quantitative tests with phosphates. 

(^^) Rotation and maniirial experiments already 
started. 

(e) Seasonal tests writh Java, and Siimatrami indigo. 

(/) Fermented green- manuring experiments in eollar 
boration with the Imperial Agricnitnral Bac- 
teriologist. 

(y) Trial of sugarcane varieties suitable for gTOWth 
without irrigation. (Some of T)r. Barber s 
varieties are very promising.) 

IV. Demonstrations, eoskibitions and cattle sales of siir- 
phis dairy stock, etc., will be held from time to time as 
occasion offers. 
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Minor. 

Y. Touring and admsory. Visits will be paid to pro- 
vincial agricultural centres. This should tend to co-ordin- 
ation of agricultural work. 

VI. Berseem cultimtion. Experiments with this will 
be continued. 
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REPORT OF THE IMPERIAL AGRIOULTITRAI. 

CHEMIST. 

(W. H. Harkison, D.Sc.) 

I. Administration. 

The Section was in charge of Mr. W. A. Davis, B.Sc., 
A.C.Ct.L, F.C.S., Indigo Research Chemist, until Novem- 
ber 10th, 1917, on which date I took over charge as Imperial 
Agricultural Chemist. 

Mr. J. Sen, Snpernnmeraiy Agricultural Chemist, con- 
tinued on special duty under the Government of the United 
Provinces in connection with the work at the Gha-zipnr 
Opium Factory. 

II. Education. 

Mr, N. N. Ghosh and Mr. S. C. Dutt joined this Section 
as private students, the former on July 10th and the latter 
on September 9th, 1917, and both have since taken up 
appointments as assistants. Mr. A. K. Mitra joined the 
Section as a stipendiary student of the Bihar and Orissa. 
Government on June 1st, 1918. 

III. Meteorology and Drain-gauges. 

The usual meteorological records were maintained and 
the crops and drainage waters from the drain-gauges were 
examined in the usual manner.. The waters and crops from 
the Cawnpore gauges were also analysed. 

IV. Gener.al analytical work and assistance given to 
other Sections. 

The following samples were analysed and reported upon 


during the year : — 

8oi]s_ . . . . ■ . . . 150 

Feed ing stuffs . , . . . 155 

Mamiies . . . . . . 22 

Wnters . . ... . 31 

.'ViArellaTiPOUs . . . . . 9 

Total . 307 
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Amongst the manures exarnined was a sample of guano 
from the Nicobar Islands which contained 8-5 per cent, 
nitrogen. 

A number of soils were received for examination from 
the Settlement^ Officer, Gorahlipur, consisting of various 
types of hJiat and hangar soils. The analyses disclosed the 
fact that hliat soils are characterized by a high carbonate 
of lime content and could be classed as marls, whereas the 
proportion of lime in the soils was low and they 

would 1)6 classed as loams. The hluit soils had a uni for- 
mally low available phosphoric acid (PoO,) content, whereas 
that of i\\Qi hang a.r soils was about normal, although the 
total phosphoric acid present in both types was not dissi- 
milar. 

The following assistance was rendered to other 
Sections : — " 

Mycological Section. Six samples of soil from apple 
orchard soils and 21 samples from selected plots 
growing jute were analysed. The loss of copper 
sulphate during the steeping of jute seeds was 
determined. 

Botanical Section. One “ iisar ” soil was examined. 

A griculUiral Section. Eighteen samples of manures 
and 48 of sugarcane and feeding stuffs were 
analysed and re29orted upon. 

Indigo B.esearch Section. Seventy -three soils were 
analysed, consisting of saur|.)les from indigo 
soils of Bihar and samples from the experi- 
mental indigo plots of the Imj^eria! Agricui- 
tural Bacteriologist. Three samples of ciunent 
and one of tDetrol were also examined. 

Iniferial Cotton Specialist. Fifty-one samples of 
cotton seeds were examined for their feeding 
value. 

Y. Methods of Analysis. 

Dyer’s method of estimating the available plant food 
in soils, or one of its many modifications, is adopted by 
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agricultural chemists throughout the world as a means of 
evaluating the manurial requirements of soils, and 
undoubtedly has proved of great value, but whether or not 
the method can be applied uniformly to all soils is a ques- 
tion which, since its introduction, has exercised the minds 
of chemists, and in particular a considerable controversy 
has arisen regarding the values obtained for available phos- 
phoric acid in highly calcareous soils. 

A short time ago Mr. Sen published the results of a 
series of experiments carried out in this laboratory, which 
showed that the addition of increasing proportions of 
carbonate of lime to a non-calcareous soil, rich in available 
phosphate, had the effect of greatly decreasing the values 
obtained, and that the values obtained when the calcium 
carbonate content reached about 20 per cent, were of the 
same order as those obtained from Pusa soils. An increase 
in the proportion of calcium carbonate over this value did 
not materially affect the values obtained. 

The greatest change in the order of the values obtained 
occurred at the point where the calcium carbonate content 
was sufficient to neutralize fully tbe citric acid of the 
solvent solution, and Mr. Sen concluded that the effect of 
the calcium carbonate in giving rise to low available phos- 
phate values was due to the neutralization of the acid. In 
addition, as the values obtained continued to decrease after 
the point of neutrality was reached, ho concluded that a 
certain amount of phosphoric acid was “absorbed.” 

These experiments have been repeated in greater detail, 
and no evidence has been obtained that absor])tio.n occurs 
to any appreciable extent, but, on the ‘contrary, the values 
obtained from the various mixtures appear to be determined 
mainly by the composition of the liquid after its reaction 
with calcium carbonate. With increasing amounts of 
calcium carbonate the composition of the liquid gradually 
changes, and the phases may approximately bo defined “as 
follows : — {a) 1 per cent, citric acid solution, {V) a saturated 
solution of calcium citrate with decreasing amounts of 
acidity, {c) a saturated solution of calcium citrate and 



INSTITUTE, PUSA, FOB, 1917-18 



carbon dioxide, (d) a somewhat in definite phase consisting 
of saturated solutions of calcium citrate with increasii\g 
concentrations of calcium bicarbonate, and (e) a final phase 
of a saturated solution of calcium citrate and calcium 
bicarbonate. Extractions of the soil in the absence of 
calcium carbonate with solutions approximating in com- 
position to the phases defined above yielded values commen- 
surate with those obtained from the corresponding mixture 
of carbonate of lime and soil. Consequently the apfUca- 
tion of Dyer's method to calcareous soils is in effect an 
extraction uiith a series of dissimilar solutions the com- 
position of which mainly depends upon the calcium 
carbonate content, and this being the case, the values 
obtained in the case of calcareous soils of varying lime 
content can bear no very definite relationship one with the 
other and much less with non-calcareous soils. In the case 
of non-calcareous soils the value of Dyer’s method is entirely 
due to a rigorous correlation of the analytical data with 
the known manurial reaction of specific soils, but such 
rigorous correlation is almost entirely lacking in regard to 
highly calcareous soils. The interpretation to be placed 
on the values obtained is very indefinite, and so long as this 
condition obtains the method must remain of dubious value. 

Incidentally during the course of this investigation, it 
was discovered that the presence of calcium carbonate 
seriously interfered wdth the estimation of citrate-soluble 
phosphoric acid by the standard method under standard 
conditions. This is caused by the phosphate present 
in the ammonium citrate solution reacting with the calcium 
carbonate to produce insoluble calcium phosphate. 




VI. Soils and Soil Conditions^. 


[a) Paddy Soils. The study of the relationship of the 
gaseous products of decomposition to these soils has been 
continued, and particularly that of carbon dioxide and 
hydrogen. It has been shown that carbon dioxide when 
present alone can persist as such, but that in admixture 
with hydrogen, and under biological influences, a recom- 
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l.dnatioii occurs, of such intensity that the absence of any 
large cjiiantity of these gases from the atmosphere in pa,ddy 
soils is accounted for. Incidentally distinct evidence lias 
been obtained to show that marsh gas can be produced by 
a, combination of these two gases under biological in- 
fluences. 

This phenomenon offers a reasonable explanation to 
account for the accumiiiation of nitrogen, gas in these soils 
without the necessity of putting forward the theory of the 
presence of peculiar types of fermentation, and it also has 
a considerable bearing on the cpiestion of lime conservation. 
The important fact has also been obtained that this reacti(m 
between carbon dioxide and hydrogen is not peculiar to 
paddy soils, but that it can be induced in dry soils with the 
utmost ease when the conditions are. approximately ana.e 
robic in character. 

This investigation is practically completed and the 
results are be.ing prepared for publication, 

(b) Bara Soils. At the instance of the late Dr. 
Barnes, a series of pot-culture experiments were iristitutenl 
with the object of testing the growth which could be 
induced in these sterile soils by washing out the sails 
present with ordinary water. The water used in this 
instance was the ordinary well water of Piisa witi) the 
result that germination was practicariy entirely inhibitetl. 

The washed soils were, therefore, subjected to a careful 
examination, and it became evident that the bicarbonate 
of lime in the water had brought about, a reaction leading 
to the production of alkaline carbonate in the soil. The 
soil experimented with originally contained a eomparatlve- 
iy small amount of allmline carbonate and a, considerable 
l^roportion of sulphates and chlorides, whereas, after tiie 
washing process, the sulphates and chlorides were reduced 
in amount but the carbonate content had considerably 
increased , so that the effect had bean, to change the origi nal 
condition of white alkali into one of black alkali. 

The danger of black alkali forming in calcareous soils 
has recently f)ecn the subject of investigation in Aftierica, 
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no attention has hitherto been drawn to the danger of 
einployiiig a water containing calciuiii bicarbonate iti 
solution for the irrigation of lands showing white alkali, 
and consequently this question is Ijeing subjected to a close 
investigation. 

{c) Mode of action of superphosphate in calcareous 
soils. The mode of action of superphosphate in calcare- 
ous Ksoils is suinewliat obsciirc, and it appeared desirable to 
obtain inforinadioii regarding the coinbiiiations formed, the 
rapidity of their formation, and the coiisequeiit effective 
range of superphosphate applications. With this object 
in view a preliminary series of experiments have been 
carried out in relation to the reactions occurring between 
phosphates of lime and calcium carbonate under varying 
conditions. It has been found that superphosphate reacts 
very rapidly at ordinary temperature with calcium oar- 
bonate (CaCOg), the product of the reaction being the com- 
paratively insoluble dicalcicphosphate, and that the latter 
in turn slowly reacts with more CaCO, forming tricalcic- 
phosphate. At higher temperatures the intermediate 
stage practically disappears and tricaloicphosphate is 
formed with great rapidity. 

The reaction between solid dicalcicphosphate and calci- 
um carbonate (CaCOg) in the presence of water is very slow- 
owdng to tlie slight solubility of the former, but as di calcic- 
phosphate is very rapidly removed by CaCO.., from a satu- 
rated aqueous solution and also from a saturated solution 
■ in 1 per cent, ammonium citrate the probability of its per - 
sisting ill solution in the presence of calcium carbonate 
(CaCOg) is very remote. 

Applying these facts to calcareous soils it would appear- 
\liat tiie range of action of siipcrphosiduite is limited owing 
to the rapid formation of the comparatively insoluble 
dicalcicphosphate and the formation in turn of the insoluble 
tricalcicphosphate from any dicalcicphosphate which 
becomes soluble. The final stage in wdiich the phosphoric 
acid (PoOg) is in the form of tricalcicphosphate \vould b(‘ 
quickly reached, so that the fertility of these calcareous soils 
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becomes largely a question of the solubility of this substance 
in the soil solution. These deductions are of considerable 
interest, and experiments are being conducted to test their 
validity. 

.of' ■ 

VII Crops. 

(a) Paddy. A series of experiments were instituted 
with the object of determining whether or not the investi- 
gations on paddy on which I had been engaged at Coim- 
batore could be carried on in a satisfactory manner at Piisa. 
As a result there appears to be no insuperable difficulty to 
be faced, and consequently work on this crop will constitute 
in the future one of the major subjects of investigation of 
this Section, 

For this preliminary work the question selected for 
investigation was whether or not the use of ammoniacal 
manures could be advantageously combined with green- 
manuring. For this purpose two series of fifty pots each 
were laid down, filled with soil to which graduated incre- 
ments of ammonium sulphate were added, and to half of 
the pots green leaf manure was added at the rate of 
10,000 lb. per acre. Into each series a selected pure strain 
of paddy seedlings was transplanted, and I am greatly 
indebted to the kindness of Mr. F. R. Parnell, Government 
Economic Botanist, Madras, for supplying me wdth the 
seed. At the time of writing the crops have not reached 
maturity and no quantitative results are available, but the 
growth in the pots is well differentiated and will, in all 
probability, give rise to definite conclusions. One point, 
how^ever, is very clear even at this stage. The reaction of 
the twm strains of paddy to green-manuring is very dis- 
similar and leads to the conclusion that the uncertain 
reaction of green manures is not entirely associated with 
soil conditions, but that the strain of paddy employed is a 
factor to be considered. This is a question which will 
require close investigation. 

(b) Tobacco. The First Assistant, Mr.- J. N. Mukerjij 
has continued his experiments on the efiect of difiere'nt 



iNSiTruTii:, pusa, foe loir-is 31 

manures on the yield, quality, and nicotine content of 
Indian tobaccos. As regards yield the best results were 
obtained from farmyard manure, 'closely followed by a 
combination of superphosphate and potassium nitrate, 
whereas neither of the latter manures had any appreciable 
effect when used alone. The leaf produced from the 
various plots was submitted to the Director of the Indian 
Leaf Tobacco Development Company, Dalsing-Sarai, for 
valuation, and in liis; opinion no definite relationship was 
apparent between the maniirial treatment given and the 
quality of leaf produced. Similarly no definite relation- 
ship was discovered in regard to the nicotine content. 

The relative effect of t off ing and sf iking the plant was 
also investigated. The yield of plant was practically 
identical, but the topped plants gave a greater outturn 
of stalk than the spike-d ones. On the other hand, the 
topped plants yielded a leaf of better texture and a higher 
nicotine content. 

An investigation contrasting the effect of rack-curing 
and ground-curing on the composition of the leaf showed 
that there is a destruction of starch and sugar during the 
process, but that ground-curing causes a greater reduction 
of the starch content than does rack-curing and at the same 
time produces a leaf of higher nicotine content. 

{c) Sugarcane. "For several years the effect of storing 
canes by clamping has been under investigation in the 
North-West Frontier Province, and the conclusion 
arrived at was that no deterioration of the juice took place. 
This has been confirmed during the last cold season, and, 
in addition, the eftect of windrowing cane as practised in 
Louisiana has been examined. 
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The analytical values obtained were as :- 


- 

AfJHY JlAb-niTllJS CAKK 

LooAn I’otiNDA Cam ' 

Before 
wind rowing 

After wind- 
ro-ffittg for 
four mouths 

Before 

Windi-owing 

After wiiutrowing foi 
four montlif) 

Sawido 1 

aainvle fl 

Average weight 






of cane lb. j 

2-88 

2-91 

2»;>u 

212 

2 00 

Juice . . percent 

74-86 

72-73 

75-84 

7170 

72-00 

Sucrose , , „ 

9 86 

12M 

9-67 

13-25 ' 

1241 

Glucose . . „ 

1 2 -98 

2-46 

2-38 

2-74 

2-8:3 

Brix . (cof.) ,, j 

19 69 

i 16 69 

13-34 

18 05 

J7-17 

Go-efficient of 


1 ■■ 




purity 

72-09 

71-96 

1 71*70 

73-11 

72 27 


The effect ol; windrowiiig at low temperatures for a 
period of four jiionths has been very marked. The weight 
of the individual canes decreases considerably, and this is 
accompanied by a decrease in the percentage of juice, show- 
ing that there has been a drying-up of tlie canes. This in 
turn has led to a concentration of the juice, but the purity 
of the juice tends to increase rather than to decrease, so 
that wiiidrowdng will not lead to the introduction of 
increased difficulties in the [iroduction of sugar. 

'Idle question whether or not windrow^ing ]ea>ds to a loss 
of sugar is more difficult of solution, but an attempt wuis 
niade to determine this by carefully checked weighings of 
the canes and juice produced. As a result it would appear 
that there is an actual loss, though comparatively small, in, 
the case of Ashy Mauritius canes, but that in the case of 
Local Pounda there is a marked increase. This fact is of 
great importance ancl requires oonlirmation before being 
accepted, but if confirmed it opens out a field for further 
investigation. 
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'tt: 

Vlll. Programme oe Work. 

Major subjects. 

1. Gontiniiation of the investigations into the amoLint 
and nature of drainage water from fallow land and land 
bearing crops. 

2. Pot -culture exjjerimeiits with paddy to detenu iue 
(ft) the relationship between rate of draiiiago and crop 
production, {h) the direct inanurial value of the nitrogen 
in green manures, {c) the value of green manures when 
used in conjunction wdth nitrogenous mineral manures 
other than nitrates, and {d) the behaviour of different 
strains of paddy to green-manuring. 

3. All investigation into the conditions governing the 
formation of black alkali in soils irrigated by calcareous 
waters. 

4. Continuation of previous work in coimection with 
the factors governing the composition and quality of 
tobacco. 

5. The study of the effect of windrowing sugarcane at 
low temperatures. 

Minor subjects. 

1. A, study of the mode of action of pliosphatic manures 
in calcareous soils. 

2. Checking the accuracy of the methods of analysis used 
at Pusa and the examination of new methods of analysis. 

IX. List of Publications. 

. lleport oil Agriciiltiirol Chemisfry, 1916-17, 
for iiie Board of tScientific Advice. 


'W. A. Pavia 
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EEPOKT OF THE IMPERIAL ECONOMIC 
BOTAxNISTS. 

(A. Howard, C.I.E., and Gabrielle L. C. XToward, M.A.) 

1 1. Introduction.: 

The Imperial Economic Botanist held charge of the 
Section during the year ending June 30th, 1918, with the 
exception of one month from September 8th, 1917, which 
was spent on privilege leave in India. During this period 
the Seccuid Assistant, Maulvi Abdur Rahman Khan, was 
in charge of current duties at Pusa. 

The work of the staff continues to be satisfactory. 
The Second Assistant, Maulvi Abdur Rahman Khazi, 
has made himself exceedingly useful in carrying out 
a number of improvements in the Botanical Area and 
also in the experimental work at Indore, Bhopal and 
Gwalior. Chow dhury Ram Dlian Singh, Third Assistant, 
has wnrked well in connection with the experiments on 
indigo and on sub-soil aeratiQn at Pusa. The Fourth 
Assistant, Babu Kashi Ram, has done useful work in 
connection with the vegetable-drying experiments at Quetta 
and with the tobacco-breeding experiments at Pusa. 

The inadequacy of the facilities available at Pusa for 
making the most of the results obtained is becoming more 
evident as the years pass. The area of well-drained, well- 
aerated, high-lying, light land suitable for the testing and 
seed production of many of the crops under investigation, 
is exceedingly small. In consequence, the material avail- 
able in the shape of pure lines cannot be worked through 
fast enough and even when this has been done, we have 
insufficient room to meet the ever-increasing demands for 
seed. New centres of distribution of Pusa wheats are spring- 
ing up every year but there is never sufficient botanically 
pure seed for starting the work. What is urgently required 
is a special Institute of Plant Industry, situated in a more 
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favourable locality, to which the work of the present 
Botanical Section at Pusa can be transferred 

Eor the first time since the war, the transport of seed 
from the farms in Bihar has been interrupted due to the 
railway restrictions now in force. At harvest time, it was 
only possible to send seed to distant parts of India by 
passenger train. Such a method is out of the question in 
the case of hundreds of maunds of seed. Several impor- 
tant indents from Central India, Kathiawar and Bengal for 
this reason could not be met. The Bengal North-Western 
Railway, however, ’were able to provide sufficient transport 
for the wheat produced and distribution had to be confined 
to Bihar and the United Provinces. These difficulties were 
represented to the Central Transport and Poodstufis Board 
with the suggestion that facilities should be given to the 
Agricultural Department generally in the transport of seed 
of all improved varieties of food grains intended for sowing. 
This has been accepted and the Directors of Civil Supplies 
have been instructed to issue priority certificates in class 2 
(b) for all consignments of improved varieties of seed for 
sowing purposes booked by or under the order of the Agri- 
cultural Department. 

II. Investigations at Pusa. 

1. Wheat. 

Substantial progress has been made during the year in 
the wheat investigations at Pusa both as regards seed dis- 
tribution and also in connection with wheat breeding. 
Two of the early series — Pusa 4 and Pusa 12 — are estab- 
lishing themselves rapidly over large areas of the country 
as a result of the efforts of the Agricultural Departments. 
The rate of replacement of the country wheats by these 
improved types is now a question of organization, of the 
supply of seed and of adequate funds. 

Pusa 12. The United Provinces are a long way ahead 
in the replacement of the mixed country wdieats by an im- 
proved grade which also satisfies the cultivator on the 
important question of yield. 
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lii the OeiiUul Circle of this Province, B. 0. Biirt 
has continued the systematic, introdwtion o' . 

the alluvial .soils of the Doab and Oudh 
chargtc In connection with the special steps i c . 
junction with the Irrigation Department to ^ 

area iiiuler wheat, tb,e bulk oi the availa.b,le seec i ^ 
t-oiiceiilrated mainly in the Districts of Etawali and Caw ■ 
pore, where the demand for this variety was mteuse. im- 
total iiuautity of seed issued during the jeai o 

oonlrolled by Mr. Burt was 12,290 inaunds of which the 
largest items were Etawah 3,840 maunds. Cawmpore 4,/ id 
maunds and the Sitapur Court of Wards 1,100 
This variety is now well established in these ^ ^ 

is spreading rapidly (apart from the eflorts oi tie 
luent) on aeuount of the increased yield (estimated lioi 
crop-cutting experiments to he three to four maiiiMs pei 
acre under ordinary cultivation) and the eiihaiiet, P'j®® 
which it fetches. There are now many vu ages in m 
Etawali District and some in the Cawnpore Distiiot wicie 
practically no other wheat is grown and special measures 
are being taken to maintain these as centres ol Y 
seed can be purchased (to siipplemeat the supply from the 
seed farms) and from which this variety will also spreon 
naturally to surrounding villages, in the Sitapui is lit- 
most excellent work lias been done liy the Special Manager 
of the Court of Wards’ estates, Mr. Dunne, in the systema- 
tic introduction of this wheat The Katesar estate now 
poBbCsscs its own seed store and last year supplied over a 
Ihoiisaiid maunds of seed to a group of neighbouring vih 
lages. The store worked at a considerable profit and 
inspection of the crops in the villages showed that they were 
practically pure. For the current year, this estate has 
stored 1,363 maunds, material quantities have also been 
kept by individual cultivators and arrangements are in in’o- 
gress for ^special demonstration plots and for the maiuteii - 
aiice of pure stocks of seed on the areas commanded by 
three tube wells ■witb which this estate is now equippet . 
It has unfortunately proved impossible to form even an 
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approximate estimate of the extent to which this wheat is 
spreading naturally in the Central Circle apart from direct 
departmental supplies of seed. Evidence is available that 
such uatural expansion is very considerable but it is iinpos- 
sU)le to gauge its extent without a special enquiry for which 
staff is not available. From time to time, examples have 
been met with of seed being ta,ken very considerable dis- 
tances by relations of successful growers and of very con- 
siderable areas thus arising in tracts that had not been 
reached by direct demonstration. 

In Oudh, Mr. L. C. Sharma continues to make rapid 
progress in establishing this variety whore last year the 
estimated area under Pusa 12 v/as one hundred thousand 
acres. One of the chief agencies employed in seed growing 
and demonstration are the local notables, the Taluqdars of 
Oudh, many of whom are maintaining excellent seed farms. 
In one case, one of these farms supplied last year 2,000 
maunds of pure Pusa 12 seed to the Agricultural Depart- 
ment of Bihar and Oiissa and 1,100 maunds to the Central 
Circle. These figures convey some idea of the scale oii 
which these private seed farms are being conducted and 
the useful purpose they are serving in the agricultural 
development of the country. 

In the Western Circle of the United Provinces, Pusa 12 
is now widely grown and has yielded well in the Agra and 
Meerut Divisions. Although the greatei* part of the pro- 
duce is held in reserve in the villages for sowing, the in- 
dents received by the ilgrioultural Department show no 
signs of diminution. It is estimated that next nM from 
teii to twelve thousand acres will be sown with seed con- 
trolled by the Officiating Deputy Director, Rai Sahib Cangn 
Pershad. The growers find Pusa 12 to be rust I'esistant, 
an early ripen er, with a straw strong enough to resist high 
winds, and a higher yielder than the country wheats. It 
also requires less irrigation water and, as its grain is large 
and fine looking, it attracts the buyer immediately it is ex- 
posed for sale and so fetches a better price. When stored, 
it resists weevils better than the softer The fact 
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that it is beardless and the ears are copper-coloured when 
ripe enables this variety to be rogued easily and so kept pure 
by the cultivators. 

The substitution of the country wheats by Pusa, 12 in 
the United Provinces, important as this is, is, however, only 
a, part of the advantage that is possible as a result of this 
work. One of the characteristics of a really superior 
variety is its power to respond to improved cultivation. 
The future possibilities of the plains of India in wheat 
production will be evident -from a consideration of the 
yields obtained on the large scale during the past season 
with this variety. In Oiidh, the average yield of Pusa 12 
on large areas at Chandnpur in the Rai Bareli District and 
at Malihabad near Lucknow worked out at 30 maunds per 
acre. At the Kalianpiir seed farm near Oawnpore, wdiich 
a few years ago was very indifferent villa-ge land, an area 
of over 70 acres gave an average of 27 maunds to the acre. 
Some of the cultivators’ fields in the Etavvah District 
weighed out over 24 maunds to the acre. At the Sugar 
Experiment Station at Shahjahanpnr, the record yield of 
35 rnannds to the acre over 18 acres w^as reached. These 
yields are now the rule in well managed seed, farms in this 
Province and are the result of a proper grading of the land 
combined with good cultivation and good management. 

In Bihar, the introduction of Pusa 12 has made satis- 
factory progress in the Patna and Bhagalpur Divisions 
where, however, the work is still hampered by a shortage of 
seed. The whole of the Pusa 12 grown last year on rhe 
Dholi and other estates in North Bihar was placed at the 
disposal of Mr. Milne for use in South Bihar as well as an 
additional 2,000 maunds from Oudh. Even with tlie local 
supplies, these amounts only satisfied a very small portion 
of the demand. 

In the Punjab, the Director of Agriculture reports iLat 
Pusa 12 is exceedingly popular in the Hoshiarpur, Jiillun- 
dur, Gurdaspur and Sialkot Districts on well lands. The 
criticism has been made on this wheat that it is being 
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encouraged in these Districts without sufficient tests having 
been made as to its suitability for them. Feeling the force 
of these criticisms., the Director of Agriculture recently 
made a tour through these Districts and was struck by the 
great and sananimous enthusiasm evinced for Pusa 12 by 
all the growers of it. They all assured him that they got 
at least 25 per cent, increased outturn from it and a pre- 
mium of at least 2 annas per maund. One grower sold 500 
maunds of it to a Lahore contractor, who required it for 
eating purposes in that city, at a premium of 4 annas per 
maund over ordinary wheat. A certain amount of this 
wheat is also being grown in the Ferozepore, Karnal, His- 
sar and Rohtak Districts. Everywhere it is exceedingly 
popular and increasing amounts are being stored for next 
season by growers. 

In Sind, Mr., Main has commenced the trial of Pusa 12 
in various parts of the Province and the work is being con- 
tinued. Some promising results were obtained in the 
Upper Sind Frontier District on zamindars’ fields aifd the 
conclusion in this tract is that Pusa 12 is an early ripener 
and a heavy yielder. The zamindars concerned have kept 
the whole of the produce for sowing next season. 

In the Simla Hill tracts, Mr. Peake has successfully 
introduced Pusa 12 in three villages in Sirmoor where this 
variety has done well. The people are very much taken 
with the grain and a 'number of villages Lave undertaken 
to grow nothing but Pusa 12 next year. The Chief Secre- 
tary of the Sirmoor State, Sirdar Narain Singh, who has 
interested himself in this work, has introduced a book to 
record the quantity of Pusa 12 sown each year together 
with the acreage. Distribution of seed will be carried out 
village by village so as to prevent admixture. 

Fusa 4- In many parts of India where a rapidly 
maturing, high quality wheat is required wdiich will also 
respond to good cultivation, Pusa 4 is meeting a distinct 
want and is rapidly coming into favour. 

In North Bihar, the fall in the price of indigo led last 
year to a great demand for seed of this variety from the 
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indigo planters a portion only of which could be met. 
Nearly all the last crop of seed produced on the Dholi 
estate, an exceptionally fine product, was used for setting 
up a number of these estates with a pure supply of seed. 

In the United Provinces, Mr. Burt reports that this 
variety has been a most marked success in the Ken and 
Dliasan Canal areas in the Districts of Banda and Hamir- 
piir. Last year, over five thousand maunds of Piisa 4 were 
issued and in addition a number of zamindars and culti- 
vators sowed considerable areas from their own seed, A. 
large proportion of the seed was distributed through the 
Canal Department. At the last harvest, this variety fetched 
a very substantial premium in the local markets often 
amoiindng to eight to' ten annas a maund over conntr\^ 
wheat, the keenest buyers being exporters to Bombay, For 
the coming year, a stock of 8,000 maunds of this wheat i.s 
being held for issue in Bimdelkhand, This variety is also 
likely to prove useful on the alluvium in helping to solve 
the fodder problem. For the third year in succession at 
Kalianpur, excellent crops of Pnsa 4 have been obtained 
after early fodder juar (A. Sorghum). The practice, if 
generally adopted, would go far to solve the foddei* diffi- 
culty in canal irrigated fects and would permit of a larger 
area being put under wheat. 

In the Central India States, the results obtained with 
Pnsa 4 led to a, keen demand for seed ])ut nothing could be 
(lone to assist matters due to the railway restrictions in 
force. A supply was arranged for the Gwalior Slate biif 
transport could not be obtained. 

In the North-West Frontier Province, the result of the 
trials of this variety by the ryots is that “Pnsa 4 has 
gained the cultivators’ favour and has been accepted by 
them, and it is confidently expected that the vareity will 
occupy the greater part of the 280,000 acres of irrigated 
wheat in the North-West Frtmtier Province within a, vejy 
few years. Pnsa 4 has been so well received by the people 
that the North-West Frontier Province Gov'ernment have 
allotted a sum of Rs. 25,000 to purchase seed from those 
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growers who tested the variety last season and a further 
sum of Rs. 25,000 has been set aside to build grain stores 
at some of the Tehsils in the Province, primarily to store 
seed of Pusa 4 for sale to the cultivators/’ 

At the Sydney Royal Agricultural Show of 1917, 
Pusa 4 and two other varieties (Pusa 107 and Pusa 110), 
grown by Mr. J. B. Roach at Gilgandra in New South 
Wales, gained 44 out of 45" points and were awarded the 
first prize in one of the classes. At the Food Products Ex- 
hibition at Calcutta in January of this year, an exhibit of 
Pusa 4 and Pusa 12 and of bread made from Pusa 4, grown 
in Bimdelkhand, gained a special prize. This exhibit was 
arranged in collaboration with Mr. Burt, all the wheat 
exhibited being grown on the farms of the Central Circle. 
The samples were particularly 'well grown and attracted 
much attention. The bread was baked by the Grea4 
Eastern Hotel Company from flour prepared by Messrs. 
Shaw Wallace & Co. at the Hooghly Flour Mills. 

Punjab 17. In addition 'to the wheats selected at Pusa, 
one of the types, Punjab 11, separated by us at Lyailpur 
from a local mixture in 1906 and handed over to the Pun- 
jab Agricultural Department in 1908, is being distributed 
in the Canal Colonies of the Punjab, the area last year 
amounting to no less than 100,000 acres. This type wdll in 
all probability be rapidly displaced by Pusa 12 when the 
zarniridars in the Chenab Colony cease to overwater their 
wheat. At Mirpurkhas in Sind, Pusa 12 has given as much 
as 25 rnaimds to the acre on the preliminary irrigation only, 
a result which confirms the common experience wdth this 
whetat in the United Provinces that it does best if somewhat 
sparingly watered. 

Wheat 'breeding. The work on wheat breeding at Pusa, 
referred to in previous reports, is now rapidly approaching 
the stage when variety trials can be carried out on a field 
scale. Two of the selections (Pusa 32 and Pusa 42) from 
a cross made at Cambridge in 1910 between Pusa 4 and one 
of the new English wheats were tried last year by Mr. Burt 
at TCaTianpiir to see how these %vheats would behave under 
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canal irrigation. The new types were tried against Cawn- 
pore 13 and Pusa 12 on large plots and the sowings were 
made in duplicate. The yields obtained were as follows 

Table I. 


TriaU of new Pnsa loheats at Kalian'jmr. 


Variety 


yiKllX>8 IN IB. rUB 
ACRE 

Remarks 


Graiu 

Straw 


Cawapore 13 . 


2,180 

4,628 


Pusa 82 . 


2,010 

3,700 


Pusa 12 . 


2,578 

4,48’> . 


Pusa 43 . . . 


2,390 

4,250 


Cawnpore 18 . 


2, ISO 

4.552 


Pusa 32 . . , 


1,880 

3,922 


Pass 12 . . . 


2,204 

4,070 

Danm^^od by lodg* 
ii)g and by rats, 

Pusa 42 , . . 


2,320 

4,538 


Nos. 32 and 42 have since been discarded as this cross 
has yielded six more wheats which are much more promis- 
ing. These will be tried on a field scale at Kalian pur in 
October next. Three other series of crosses — on Pusa 6 — 
are now rapidly becoming fixed and this material is 
expected both to yield wheats of immediate utility as well 
as parents for further crosses. To obtain the full advant- 
age of the breeding work in progress at Pusa and to bring 
it to a practical issue several years’ work will still be 
needed. 

The results to India of the Pusa work on wheat were 
referred to in the House of Commons on August 14th, 1917, 
by Lord Henry Cavendish Bentinck {Parliamentary 
Delates, voL 97, no. 116, p. 1008) when advocating that 
more money should be spent on research in agricultural 
development. It was pointed out that research is the basis 
of all progress in agriculture whether at home, in India or 
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in Africa, and that the money yalne' of a single successful 
introduction like Pusa 12 is out of all proiiortion to the cost 
of a Research Institute. 

2. Indigo. 

-The investigations on this crop, referred to in previous 
reports, have been continued during the year and have 
been confined largely to Java indigo. As this crop, when 
grown for leaf, is in the ground-for nearly a year, it must 
be remembered that it differs entirely from the ordinary 
cold weather and monsoon crops as it has to maintain itself 
under a very wide range as regards soil conditions. Sown in 
September or early October, the first portion of the growth 
period takes place under cold weather conditions. The 
crop then has to survive the hot season when dry west 
winds are to be expected after which the temperature of 
the surface soil rapidly rises. The plant then completes 
its first year’s growth in the monsoon phase, during the 
latter portion of which the aeration of the soil is interfered 
with by the cessation of drainage due either to the rise of 
the rivers, the flooding of the country, the rise in the sub- 
soil water level or to a combination of these causes. In 
interpreting the results obtained with this crop, therefore, 
it will always be necessary to bear in mind these facts. It 
is generally in the second half of the monsoon and after 
the first cut has been taken that growth slows down and the 
plant often becomes diseased. . 

Much time has been spent in the investigation of the 
root system of this cropland the efiect thereon of any altera- 
tion in the soil conditions and also of cutting back to 
varying degrees. The roots of Java indigo are exceedingly 
sensitive to undecayed organic matter such as oil cake, 
fresh san hemp {Crotalaria jmicea) weeds or partially 
decayed indigo, particularly when these substances are 
added to the soil at times when the aeration is poor. It is 
then possible to kill the crop outright by these means. 
When, however, the damage does not proceed so far, the 
root system is often profoundly affected, the total absorbing 
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surface is reduced and the young roots and nodules lose 
their freshness and become discoloured and unhealthy. 
The above-ground portion ceases to grow normally and the 
young branches are frequently attacked by Psylla. Similar 
results have been obtained in the August sown seed crop 
when the indigo has been sown in land foul with weeds 
which have been turned under a, few weeks previous to 
sowing. , 

The effect of complete or partial cutting back on tlie 
root system of rapidly-growing Java indigo has yielded 
some . interesting results. In the cultivation of indigo 
in Bihar it is the universal practice to cut the indigo back 
completely in June and to leave the stumps for a second 
crop. The time taken in forming new shoots varies with 
the season. In very wet Aveather, sprouting is delayed and 
the process is distinctly favoured by a break in the rains. 
It has frequently been observed at Pusa that if a few leaves 
are left at the first cut, the new growth is much more rapid. 
This year, the effect of complete cutting back and of hard 
pruning on the root system was examined. It was found 
that complete cutting back, while the plant is in active 
growth, kills the fine roots and nodules and tha.t a, new 
absorbing system has to be produced before new shoots 
form. This naturally takes time. Heavy pruning, on the 
other hand, leads to far less damage to the roots and 
nodules, which at once explains the rapidity with which 
such plants form new growth. This fact may easily prove 
of considerable practical advantage to the indigo industry. 
If the crop could be grown in double lines with interculture, 
it could be heavily pruned at the first cut and the .second 
crop could be advanced by several weeks. A new Hystem of 
growing - Java indigo, based on these results, lias been 
worked out at Pusa. The crop is sown in September (after 
a clean fallow) in double lines with a space between for 
mechanical interculture to keep down weeds and to aerati' 
the soil. The lines are pruned as early as possible after 
the rains break and the second cnt is taken as soon as 
possible afterwards. Whether it will be better *to be 
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content with this second 6ut and then dig out the stumps 
or to prune a second time and try to obtain a third and 
final cut, is a matter which further experience will decide. 
The results already obtained show that under actual field 
conditions in the monsoon the pruned plant, grown in double 
lines, shoots much faster and much betler than the com- 
pletely cut back plant. Further, it is possible in this way 
to keep the land clean by bullock cultiYation during the mbi 
season and the following hot weather and to reduce the 
labour spent in weeding. As is well known, one of the 
great drawbacks at the present time of Java indigo culti- 
vation in Bihar is the difficulty and expense of keeping 
down weeds. 

The effect on the growth of Java indigo of an alter- 
ation in the soil conditions by the addition thereto of inert 
aerating agents such as sand or broken bricks and tiles, was 
investigated by means of the modified system of pot culture 
described in a paper read at the Indian Science Congress 
at Lahore/ As an example of the kind of results obtained 
by this method, the following measurements in. the ease of 
Java indigo may be cited : — 

Table II. 


The effect on the growth of Ja%'a indigo of diluting Pusa soil 
with 'potsherds or sand. 


i 

Kind of soil 1 

No. of 
plants 
measured 

Average 
length 
in cm. , 

Percentage 
in Cl ease 

Soil only . . . . . . | 

.. 

33 

367 

0 

Soil 1/2 + sand 1/2 . . 

1 ■ sa 

' 61*6 ■ 

40. 

Soil 9/10 + potsherds 3/10 . • .i 

, 33 

48*8 

SI 

Soil 7/10 + potsherds 3/10 , . . j 

35 

60-9 

38 


The results obtained by diluting Pusa soil have been 
strikingly confirmed during the year by Mr. Clouston who 

^ The Agricultural Journal of ZntZta, • Special Indian Science Congress Number, 
1918, p. 36. •- 
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grew the same type of Java indigo under similar climatic 
conditions at two centres — on the stil! black soils at Tharsa 
and on the open, porous hhata soils at Chandkhuri near 
Baipur. On the well-aerated, poor hhata soils, Java indigo 
grew with great rapidity and formed good and abundant 
seed. On the richer but badly aerated black soils at Tharsa, 
the growth was very poor. These results are illustrated in 
a paper by Messrs. Clouston and Padmanabha Aiyer read 
at the Lahore meeting of the Indian Science Congress. A 
more effective confirmation of our views on the effect of soil 
aeration and drainage on the growth of J ava indigo could 
hardly be desired. All interested in the welfare of the 
Bihar indigo industry should carefully study Messrs. 
Clouston and Aiyer’s paper which is published in the 
Special Indian Science Congress Number of the Agricul- 
tural Journal of India of 1918. It will be interesting to 
see what class of colour will be obtained on these hhata soils 
when the Chandkhuri crop is made into indigo. 

The results obtained on the production of seed of Java 
indigo under Bihar conditions were applied on a large 
scale during the year and very fine samples were obtained, 
much better than anything imported from Java. The 
yield was affected by shortage of moisture at the end of the 
rains and also by the dry winds during the ripejiing period 
in February which led to a good deal of loss from the split- 
ting of the pods. For the first time since the shortage of 
seed of this crop became acute, the supply has been such 
that the price per maund has fallen very considerably, a 
result which will probably reduce the quantity of seed 
grown outside Bihar. The Pusa experiments have proved 
that good crops of seed can be obtained in Bihar provided 
the land is well selected and sufficient care is taken in the 
manuring, cultivation and spacing of the plants. The best 
returns are obtained under conditions of garden rather 
than of field cultivation, and it might easily pay some of 
the estates to devote very special attention to the seed crop 
on a small area and also to keep in reserve a year's supply 
in case of floods or unfavourable seasons. The experiments 
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on this subject are being continued as it is expected to raise, 
under conditions of intensive culture, heavy yields of seed 
no matter what the season may be. There is little doubt 
that the sooner North Bihar becomes self-supporting as 
regards Java seed the better. As the crop is not uniform 
but consists of a mass of heterozygotes, differing widely in 
root development, it is not safe to rely on seed produced 
under quite different soil conditions. The result of grow- 
ing seed outside Bihar might easily result in a gradual 
change of type which might prove quite unsuitable to the 
local soil conditions. 

The work on the selection of Java indigo is proceeding 
as rapidly as circumstances permit. One of the early 
selections, Type 15, is, being grown on the large scale on 
four estates, A number of others are being tested on a 
field scale and reserves of seed are being accumulated. 
Java indigo is practically self-sterile and almost all the 
seed is obtained by means of cross-fertilization following 
insect visits. These facts render selection work very diffi- 
cult and the multiplication of promising types very slow; 
as only one kind can be grown for seed each year in the 
Botanical Area. This difficulty has been met to some 
extent by facilities granted by the proprietors and manager 
of the Dholi estate. A small field has been lent in one of 
the villages of this estate for indigo seed purposes and at 
the present time two types can be multiplied each year. 

3. Tobacco. 

The demand for seed of Type 28, both for cigarette 
purposes and also for general cultivation, continues to 
increase. In addition to a large number of small indents 
from all parts of India, three definite schemes of seed 
distribution have now developed---iii North Bihar, in 
Burma and in the Central Circle of the United Provinces. 
Seed sufficient for 4,000 acres of new cultivation was distri- 
buted during the year. It is impossible to say how much 
locally grown seed of this, type was sown. 

In the Tirhut Division of North Bihar, the distri- 
bution of seed has been undertaken by the Indian, Leaf 
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Tobacco Development Company wlio give out the seed to 
any one who applies for it. There is no obligation on tin', 
part of any ryot taking this seed to sell the produce to tln^. 
Company. Mr. Acree, the Manager of the Dalsing-Ba.rai 
Branch^ reports (Letter, dated April 13th, 1918) tluit ilu^ 
advantages obtained by the growers of Ihise. seed i^e,n hv. 
summed lip as , follows : — 

(a) Nearly all the seeds germinate, 

(b) When transplanted, the tobacco pJynts are nearly' 

all the same size and are equally strong. In 
consequence, very little replacement is necessary 
in the fields and partly for this reason a larger 
yield per big ha is obtained. 

(c) At harvest time, the whole field is ripe and ready 

to cut at once. As a rule, when the ryot uses 
his own seed, several varieties arc found in 
each field which come to maturity at difi'erent 
time's and so cause the harvesting period to 
extend over four to six weeks. When this 
tobacco is ready for sale, the ryot has three or 
four sorts to dispose of instead of one uniform 
lot. 

(d) Type 28 has not only been found very good foi’ 

cigarette purposes but the growers also find, no 
difficulty in disposing of it to the ludiati dealers. 

These results are interesting as showing that even the 
conservative to])acco grower, if given time, is able to 
appreciate the advantages of growing a pure line (wiricli 
combines yield and quality) in place of the ordinary mixed 
crop. At first, the Company had some difficulty in getting 
the work started and the growers Avcre averse to trying the 
new kind. N'o-w all this is changed and should the demand 
go on increasing at the present rate, the difiicolty will 
to provide sufficient seed. 

In Burma, seed for 800 acres has been supplied i-o 
Mr. McKerral for distribution in Dvo of the most imjiort- 
ant tobaceO“growing Districts. 
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in the United Provinces, Mr. B, C. Burt is distributing 
Typo 28 among the tobacco growers ot tiie .Farrukhabad 
E)istric.t vrhere it is doing well. 

As the production of large quantities of seed, true to 
type, of any variety of tobacco at an expeviineut station at 
which plant breeding work is also in progress, is a difficult 
and expensive matter, it would help materially if all future 
indents for seed could be sent in each year before the end 
of November. Small quantities of seed of Type 28 will 
always he available but special arrangements will have to 
be made if the demand for seed increases 

4. Fibres. 

The. isolation of the numerous unit species which make 
up the gametic constitution of the four varieties of 
Hibiscus Sahdariffa, described in the Botanical vSeries of 
the Memoirs of the Deyartmeut of Agriculture hi India 
(voL IV, no. 2), was continued during the year. When 
this is complete, it will be possible to finish the work and 
to put forward a full explanation of. the results hitherto 
obtained. 

Favourable reports continue to be received of the 
behaviour of the improved type of yatwa {Hibiscus can- 
nabinus) known as Type 3. Only a very small portion of 
the seed required could be supplied and none of the 
samples of fibre asked for could be prepared. About two 
acres of tiiis type are being grown for seed during the 
present year for starting seed distribution centres in South 
Bihar and in Orissa. The seed likely to be obtained will 
not suffice for purposes of seed distribution in these areas 
but it is hoped thereby to stock a few farms at which this 
type can be multiplied for local seed distribution. Un- 
fortunately, no suitable high land could be spared for fibre 
purposes. Only a few of the highest and lightest plots of 
the Botanical Area at Pusa are suitable for growing yatwa 
to advantage and as similar conditions are required for a 
number of other crops under investigation, progress must 
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continue to be very slow in establishing the fibre of this 
improved variety as an article of commerce. 

5. Oil seeds and gram. 

The work on these crops at Pusa, referred to in previous 
reports, was almost at a standstill during the year due tc 
the lack of suitable land for the culture work. The linseed 
cultures had to be grovvui on two new plots in the old fruit 
area which proved to be too uneven for such purposes. 
These cultures wdll be repeated if possible during the 
coming year. 

6. Eoot development. 

In a paper read before the Botanical Section of the 
Indian Science Congress at Bangalore in 1917, an account 
was given of the results obtained in the study of the root 
systems of the varieties of agricultural crops. It was 
suggested that this aspect of variety trials has been 
neglected in the past and that a study of the root systems 
of a set of types throws a considerable amount of light on 
the results of field experiments. During the past year, 
the work has been continued and further results have beeii 
obtained. 

One of the difficulties in these investigations is to 
remove the soil so as to lay bare the distribution of the 
entire root system, including the finer branches. In the 
case of leguminous crops, it is also necessary to expose the 
nodules without damage. The best method so far found 
for use in fine, silt-like, alluvial soils, like those at Pusa, 
is to remove the soil by means of a knapsack sprayer. By 
this means, two plants can be dealt with in an ordinary 
working day and all the fine ramifications down to the 
piliferous layer and the root cap can be traced without 
damage. With leguminous plants, great care is necessary 
if all the nodules are to be obtained attached to the roots. 

In soil aeration experiments, where it is necessary to 
study root development in relation to the physical condi- 
tion of the soil, some method of growing a large number of 
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separate cultures has to be devised. Ordinary field plots 
are out of the question, due to the permanent alteration in 
the physical texture of the soil that would be involved. The 
ordinary pots used for culture work are also unsuitable for 
such investigations, for the following reasons : — 

(a) There is inadequate space for root development, 

unless the pots are very^ large and deep. 

(b) The normal circulation of air and water, such as 

occurs in the soil, is impossible in a culture pot 
even when unglazed and even when a sunk pot 
is used. 

(c) Artificial drainage has to be provided in pots, 

which in itself acts as an aerating agent. 

(d) Culture pots frequently introduce the temperature 

factor. 

’ (e) Such cultures have to be constantly watered, an 
operation consumptive of much time. 

(/) It is almost impossible to explore in detail the root 
system of a plant .grown in a culture pot. 

These difficulties can be overcome by using very small 
plots in the place of culture pots. Pits from three to six 
feet square are dug to the depth of two and a half feet, 
the upper nine inches of soil being kept separate from the 
sub-soil. Various aerating agents are mixed -with the soil, 
which is then replaced, care being taken to refill the pits a 
little at a time and to compress the earth to the required 
degree. If prepared a few weeks in advance and irri- 
gated immediately, the contents of the plots resemble very 
nearly the conditions obtaining in field cultjare. The diffi- 
culties connected with the circulation of air and irvater are 
in this way removed and the temperature factor does not 
interfere with the results. In cases where the soil is mixed 
with large quantities of aerating agents, such as potsherds, 
broken bricks, sand, or powdered charcoal, it is advisable 
to spread from half to an inch of ordinary soil on the sur- 
face of the beds to prevent any undue heating or cooling 
due to the higher conductivity of the aerating materials. 
Control plots of undisturbed soil and also of soil which has 
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bee-D. (jug out and tlieri. re-filled should te included in the 
series. Where both root development and yield of seed 
have to be determined, the plots should be in duplicate as 
the removal of specimens for root examination introduces 
a new aeration factor. 

The differences in growth and root development obtaij..ied 
by this modified form of pot culture are very striking and 
the new method has yielded results of considerable interest 
both a t Piisa. and also at Quetta. Measurements of the 
length of growth, of the total weight of crop and of the 
seed can rapidly be obtained -while' very useful results as 
regards the conditions on wdiich root development depends 
have been secured. 

III. Investigations in the hlATivE States. 

1. Gentral India States. 

A. beginning has been made in extending the invest.iga 
tions started at Pusa to some of the Native States. At 
the request of Mr. B. Coventry, C.I.E., Agricultural 
Adviser in Central India, and with the concurrence of the 
Durbars concerned, variety trials with wheat and gram 
were carried out on three of the farms in Central India 
during the past raM season. .Results of considerable value 
wmre obtained and the trials are being contijiiied and 
extended, 

Tlie soils of Central India are by no means uniform and 
the conditions, even on a black soil tract like the Malwa 
plateau, vary considerably.' On the well-irrigated, garden 
lands of Mahya, on which till recently opium poppy was 
grown i, it has been found that .Pusa 4 does exceedingly well 
and 'produces heavy crops under wmll irrigation. 
Mr. Coventry reports on these trials as follows (Letter 
dated April 13th, 1918) 

“ Pusa 4: has again been a, great success this year on 
the irrigated area. Dhar, for example, has got 25 maiinds 
per acre, a record result for Central India. I have 
therefore very strongly urged the Durbars to . take up- the 
distribution of this -^vheat on ae large, a scale as possible. 
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“ I should like to* add that when I came to Central 
India I was told by every one that the cultivators had been 
brought to the verge of ruin by the cessation of poppy 
cultivation and that what was wanted was a crop to 
replace opium. A good yield of opium is h seers an acre, 
which at Rs. 7 gives Rs. 63. Pusa 4 with a yield of only 
15 niaunds at Rs. 5 gives Rs. 75. The cost of production 
of wheat too is lower than poppy, the former taking three 
waterings at most, while the latter takes seven. The 
cultivators too. declare that this wheat pays them hotter 
than poppy and they prefer it.” 

On the old poppy lands, Pusa 4 lias ])asvsed the experi- 
mental stage and seed distribution is now in jirogress under 
Mr, Coventry’s direction. 

On the harani wheat areas of the plateau, however, 
Pusa 4 and similar types while producing good samples of 
grain have not shown any superiority over the local 
macaroni wheats. The contrast between the manner of 
growth of Pusa 4 on irrigated and on dry land was so great 
that it seemed certain that some other factor besides 
moisture was operative. On irrigated well lands, Pusa 4 
tillers well, throws up tall, strong straw with long ears and 
large fine grain even better than tliat obtained on the 
Gangetic alluvium. The crop seems entirely at home and 
there is no trace of rust. On the dry areas, however, even 
after late rains and with abundant sub-soil moisture the 
ears are small, the straw Aveak and the crop easily lodges. 
Tlie variety is hai’dly recognizable when grown under these 
conditions. These differences were found to he of 
botanical nature and to be associated with root develop)- 
ment. On the popjoy lands under irrigation, the secondaiy 
roots develo]:) well and the crop maintains itself largely on 
this system. Under harani conditions, practicallv no 
secondary roots are produced and the plant has to do its 
best on the primary system. Macaroni wheats when grown 
on the harani areas behave in the same way and rarely 
produce secondary roots, but here the first root system as 
well as the first internode are much more strongly dtweloped 
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than those of bread wheats like Pusa 4. This difference 
is fundaraentai and it is clear tha,t for the dry area of the 
Malwa plateau improved macaroni wheats are required. 
On the other hand, when these macaroni wheats are irri- 
gated they do not respond to the changed conditions as 
Pusa 4 does and the extra moisture is as it were largely 
thrown away on these types. 

These differences in root development indicate not only 
the general policy to be followed in wheat improvement on 
the Malwa plateau but also throw light on the methods 
of irrigation to be adopted for wheat. As regards the 
policy for these areas, high quality, rapidly maturing 
bread wheats which respond to irrigation and to improved 
soil conditions are clearly required for the well-irrigated 
lands. Improved macaroni types are needed for the harani 
tracts. With regard to irrigation, the first watering on 
all well lands should be given just when the plant is ready 
to tiller so that the formation of the secondary root system 
is not delayed too long. The secondary roots must follow 
the descending moisture and when these are established 
growth will proceed rapidly and the crop will be assured. 
Fortunately with well irrigation, the timing of the first 
irrigation is a simple matter. 

Where the soils of the Central Indian States, as in 
parts of Gwalior, resemble the alluvium of the plains, it 
was found that wheats like Pusa 1.2 and Pusa 4 are quite 
suitable given a supply of irrigation water. 

As would be expected from the root system, the Pusa 
varieties of gram, when tried on the various soils of Centra,! 
India, provided no surprises. Many of the types did 
exceedingly well and it is expected in a short time to 
decide which is the best in all respects and to begin seed 
distribution. 

Although these Central Indian trials have only extend- 
ed over a single season and the work has had to be carried 
out either on new farms or on farms in the making, the 
results are much greater than could have been expected and 
the experience gained has been well worth the time and 


INSTITUTE, PtrSA, FOR 1917-18 


trouble involved. For facilitating the trials at Indore and 
Bhopal we are indebted to Mr. Coventry, while at Gwalior, 
Mr. Higginbottom, the Director of Agriculture, and his 
staff placed the resoui^ces of the new farm at our disposal. 

2. Kapurthala State. 

At the request of His Highness the Maharajah, a visit 
was paid to the Kapurthala State in the Punjab v/ith the 
object of suggesting the best means of developing the agri- 
cultural resources of the State. The main territories of 
this State comprise three well defined areas — the sandy 
high-lying areas {dona) near the town of Kapurthala, the 
low-lying inundated areas (bet) near the river Beas and 
the ildqua of Phagwara (a portion of which is still 
in the original dhak forest) the agricultural conditions 
of which are similar to those of the adjoining Jullundur 
District. The Kapurthala State is the Eastern Punjab in 
miniature and the problems presented for solution apply in 
large measure to extensive areas of territory directly under 
British administration. The dona areas, given organic 
manure and water, can be made exceedingly fertile and here 
up-to-date large tube wells, provided with cheaply cons- 
tructed permanent distributaries to prevent percolation, are 
a possible means of agricultural development. The low- 
lying bet lands present an interesting problem in drainage 
as well as for the distribution of varieties with a somewhat 
superficial root development. In Phagwara, the dhak 
areas provide an almost ideal surface for demonstrating 
the advantages of the realignment of holdings, the establish- 
ment of model villages and the provision of a complete 
system of surface drainage which at the same time will 
prevent erosion, A detailed report on these matters was 
submitted to His Highness who has decided, not only to 
start an Agricultural Department as soon as a suitable 
Director can be found, but to institute a State Development 
Fund for the smooth and rapid execution of any projects 
which are likely to improve his dominions. 
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IV. The Development op the Agriculture of 
Baluchistan. 

Tlie increase in the agriculttiral work carried out at liL? 
Fruit Experiment Station, Quetta, referred to i]i tlie last 
report continues. All the land available has now been 
taken up and no further expansion is possible with llic 
means at present available. The extension of the vegetable- 
drying experiments has been rendered possible by means of 
a special grant of Rs, 1,500 from the Baluchistan Adminis- 
tration. 

1. Soil aeration. 

The decision of the Baluchistan Administration in 191 ! 
to start a small experimental station near Quetta for the 
study of local questions has, in one direction, suggested 
far-reaching developments in Indian agriculture. In (he 
Quetta valley, the texture of the soil is such that after sur- 
face flooding, ventilation is very easily impeded with 
disastrous results to the crops. The investigation of this 
matter led to the recognition of the importance of soil aera- 
tion as a factor in crop production and to the working out 
of an improved system of irrigation which, if adopted 
generally in India, would bring in every year an additional 
revenue of at least £5,000,000— -enough to pay the interest 
oTi the war loan. Now that the investigation of the various 
aspects of soil aeration has reached a stage when the results 
(?an be summed up with advanta,ge and their jiraclica.l 
applications to Indian agriculture have become clear and 
definite, the present is a convenient opportunity for bringing 
together the various sides of this question and for emphasiz- 
ing their importance in the future development of (hi' 
country. 

During the years 1912 to 1914, a number of observations 
and results had accumulated at Quetta which appeared to 
be most easily explained on the assumption that tJie still 
loess soils of the valley suffered from want of aeration and 
that in the removal of this factor lay the best line of advamuL 
A similar explanation seemed to underlie numeroiis other 
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results and observations made in the plains of India and 
elsewhere. The available evidence in favour of this view 
was collected in 1914 and published in Piisa Bulletin 52 
(Soil ventAlation) in 1915. After this, further results 
rapidly accumulated which were dealt with in 1916 in Pusa 
Bulletin 61 (Soil aeration in agriculture). These two 
papers were very favourably reviewed in a large number of 
journals all over the world and many letters were received 
from correspondents dealing with the obvious explanation 
by the soil aeration factor of results hitherto obscure or but 
little understood. The publication of these views was the 
means of setting in motion a great deal of experimental 
work both in India and other countries- The connection 
between surface drainage, soil aeration and crop production 
and the increase in yield which follows the slightest im- 
provement in surface drainage were dealt with in 1915 in 
Pusa Bulletin 53 (Soil erosion and surface drainage). 
Recently, more information has been obtained on this ques- 
tion which will be published when a convenient opportunity 
occurs. 

During the past year, careful experiments have been 
conducted both at Pusa and at Quetta on the eSect on the 
yield of the addition of inert materials such as potsherds 
and sand. In all cases, increased* yields have been obtained 
both in the case of cereals and of leguminous crops. Some 
of the Pusa results are given in Table III. 

Table III. 

The effect of diluting Pusa soil until potsherds or sand. 


1. Wheat, oats and tobacco. 


Crop 

Y ield per 
acre o£ 
control plot 

Yield per 
i aero with 
ono inch 
of pot- 1 
sherds 

Increase 
• per 
acre 

Percentage 

uicroase 


m. s. 

ni. s. 

m. s.. 


Oats ... 

17 

28 36 

4 19 

18' : 

Wheat . . . . 

16 18 

19 30 


20 

Tobacco . 

21 0 

23 3 

2 3 

10 
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2. Indigo. 


kind of soil ! 

1 

No, of 
plants 
measured 

Average 
lengtli in 
cm. 

rercenlage 
increasa : 

Boil only . . , . . . i 

33 

36-7 

0 

■ ■ 

50% ,eoi! + 50% Sitiid . . . 1 

30 

51 -O 

40 

90% „ + 10% potsherds . . .| 

33 

4.S-S 

81 

70% + 30% „ . . . j 

35 

609 

38 


Similm.’ results have been obtained on the large scale on 
the Dholi estate in Bihar where in 1918 the best yield of 
Piisa 12 was given by the plot to which one inch of broken 
tiles had been added to the soil. At Quetta, the crop 
experimented on was lucerne. The increase due to the use 
of the various aerating materials is given in Table IV. 

Table IV. 


The effect of dilutinrf Quetta soil with inert aerating materiah. 


■ ■ ■ 1 

Kind of soil 

No. of 
plants 

Yield of 
fresh pro- 
duce 

Pcvi'onlago 

increase 



. lb. o'<. 


Soil only . . . , , 

33 , 

12 2- 

i 0 

2/3 soil -f- 1/3 potsherds 

33, 

15 0 

24 

1/2 soil + 1/2 wiiul-hlown sand 

33- 

17 2 

42 


That such results are possible can only be explained in one 
way, namely, that the aeration of both soils is defective. 
The increased yield is due to the increase in oxidation which 
follows the improvement in the porosity of the soil. 

The existence of the soil aeration factor furnishes the 
explanation of the low yields of poor quality which always 
follow over iri’igation on silt-like soils. The texture of 
these soils deteriorates after being flooded with wa-ter. As 
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the soil dries under the hot sun, the surface hakes into a 
hard crust largely impermeable to air. Tliah the crust is 
impermeable can be seen by immersing in water ji portion 
of the hardened surface soil after irrigation. The air 
escapes sideways not through the surface skin. Each suc- 
cessive irrigation destroys the soil texture more and more 
and the surface crust becomes more and more impermeable 
to air. The effect of irrigation on alluvial soils, therefore, 
interferes with its ventilation. TJie process removes one 
limiting factor, the want of water, but it introduces 
another, namely, the need of aeration. That this is so will 
be clear from Table V wliich contains the result of a recent 
experiment at Quetta. 

Table V. 


The mtroduction. of a new limiting factor after irrigation. 


Number of waterings 

Area ^ 
in i 
acres 

Total 
weight of 
produce i 

i' 

1 Total 
weight 
of grain 

Yield 
grain per 
> acre . I 

.. 1 

Percent- 
age reduc- 
tion 



lb. 

in. K. 

m. s; 

1 ' ' 

One . . . 

3 99- 

10,367 

52 C 

13 2 

i 0 

Three . . , . i 

' ' ■ ■ ' i 

, 2-6o 

6,620 

. ' ' 1 

35 '5 

9 ‘23 

26 


Here the last two irrigations reduced the yield through the 
introduction of another limiting factor — the need of soil 
aeration. Similar results^ were obtained at three stations 
in the Punjab in 101,7. One irrigation gave nearly ten 
maunds of wheat to the acre, two gave a, little over sixteen, 
while three reduced the yield appreciably. These results 
prove that successful irrigation involves the working out of 
a practical compromise between the two conflicting factors , 
— water and air. The aim of the irrigator is not the mere 
application of water lut the provision of water in such a 

^ A f-ull account of the irrigation results obtained at Quetta and clscudiere ■'.vill 
be found in Quetta Bnlletins 4 and 7 and in a paxier on soil aevafK.ui in the hidiun 
ForeMer ot May, 19J8. 

E 2 
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m, (inner as to interfere as little as possible with the aeration 
of the soil. 

Confirmatory evidence of the importance of soil aeration 
in agriculture has been abundant in the recent literature. 
Experiments are in progress on this subject in India, and 
other countries and a large number of further papers are 
expected to appear during the next two or three years. The 
opyiortunity was taken of the 1918 meeting of the Indian 
Science Congress at Lahore to place on record a statement 
of the present position of the investigations on soil aeration. 
This was done in the form of a joint lecture (with Mr. R. S. 
Holed Forest Botanist at Dehra Dun) to the whole 
Congress on January 9tli last immediately after the presi- 
dential address. Mr. R. G. Allan, Principal of the Nagpur 
Agricultural College, supplemented the lecture by an 
account of his results on sub-soil aeration on the black soils. 
The lecture has since been published in full in the May issue 
of the Indian Forester and in the July issue of the A griciil- 
tural Journal of India> In the Botanical Section of the 
Science Congress, other papers on soil aeration were read 
and discussed including one by Mr. Clouston, Officiating 
Director of Agriculture of the Central Provinces, and 
Mr. A. R. Padinanabha Aiyer, Officiating Agricultural 
Chemist, Central Provinces, on the results obtained on the 
poor laterite soils (bhata) at Chandkhuri near Raipur. 
Hitherto, these soils (of which there are millions of acres now 
lying practically waste or in jungle) have only borne occa- 
sional crops of inferior millets in the rains and have been 
considered useless for agricultural purposes. In reality, 
however, they possess in their porosity and good drainage, 
enormous potentialities which Mr. Clouston is now develop- 
ing. The aerationsof the hhata soils is perfect and witli the 
addition of organic manure and irrigation water very hue 
crops of cotton, indigo, groundnuts, sugarcane and various 
fodders have been obtained. One feature of these crops is 

'Mr. Hole's investigations on soil aeration deal with the importance of Ihis 
factor in various forestry and ecological prohlernB. His eoncln.sions liave heen 
arrived at largely from physiological experiments and agree with our own an the 
importanro of the soil aeration factor in plant growth. 
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their remarkable freedom from disease compared with tliose 
grown under similar conditions on the richer but poorly 
aerated black soils. Messrs. Cloiiston and Aiyer concluded 
their paper as follows : — 

“ We venture to say here that Mr. and Mrs, Howard of 
Pusa and Mr. Hole of Dehra Dim liave done India a great 
service in focussing our attention on the importance of 
drainage and soil aeration as soil factors which count for 
even more in crop-production than maimriiig. The time 
may yet come when, with the extension of irrigation facil- 
ities, these laterite soils, which in the Central IT’ovinces at 
least are at present considered to be below the margin of 
cultivation in most cases, will be treated as garden land of 
the best quality. Given water, all that is required for such 
soils is cultivation and manure. We can rely on the nitri- 
fying organisms to do the rest.” 

2. The improvement of fodder production. 

Progress continues to be made at Quetta in the study of 
the various factors involved in the growth of leguminous 
crops and also in the better preparation and utilization of 
the resulting fodder. 

One of the factors concerned in the raising of these crops 
has been proved to be the aeration of the soil. That such a 
result was probable could be inferred from the following 
facts : — 

{a) In both shaftal {Tri folium resiiinnatum) and 
lucerne cultivation, the edge effect is pronounced 
and the crop is always better on the small em- 
bankments separating the irrigation compart- 
ments {kmri) than in the tori itself. 

(b) In order to maintain a good stand of lucerne under 

Quetta conditions it is necessary to manure tlie 
land every winter with farmyard manure 
applied on the surface. 

(c) The best crops oT lucerne are obtained by leaving 

the mulch of manure undisturbed during the 
growth period as by this means the surface soil 
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remains open and a crust cannot form. Sur- 
face cultivation by mixing the mulch of manure 
with the soil allows a crust to form after irriga- 
tion and the yield is considerably reduced. 

[d) The number of cuts obtained from a shafud erop, 
other things being equal, depends on th.e pre- 
sence of aerating materials in the soil. 

The importance of soil aeration in the growing of these 
crops was oonfirined during the year by the results of a 
series of aeration experiments with lucerne and shaftal. 
The origin of these experiments is a matter of some interest. 
In 1917, during a visit to the Mustung valley in the Kalat 
State, the great diherence l^etween the health and vigour of 
the wheat and other crops near Mustung compared with 
those in the Quetta valley was very marked. The difference 
appeared to be due to the admixture of the Mustung soil 
with line wind-blown sand carried into the valley from the 
desert to the west- Samples of this wind-blown sand were 
obtained and cultures were started of mixtures of Quetta 
soil and various aerating agents including this desert sand. 
The 'results obtained were very striking. An admixture of 
50 per cent, of the wind-blown sand to Quetta soil increased 
the yield of lucerne by 42 per cent. These experiments are 
being continued and will be published in due course. The 
improvement in the physical texture of the soil of the 
Mustung valley broiiglit about by this wind-blown sand 
would also explain the reputation for quality this locality 
has achieved in such crops as wheat, tobacco and melons. 
The admixture with sand improves the aeration of the soil 
and this in turn influences the development of quality. One 
possible means of improviug the Quetta soil would be by the 
admixture of finely ground ashes which are available in 
large quantities near the railway station. Some of this 
waste product is being ground up in a mortar mill and wall 
be applied to the land this year. For vegetables and crops 
like hiceHie, ground ashes might act as a very usefni manure. 

The trials of baled shaft'al by the Army at Quetta, which 
WQve referred to in the last report, were duly completed and 
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the results were reported to Army Headquarters. Orders 
liave since been received for carrying out a further set of 
tests on a larger scale and for this purpose about 1,000 
maunds of baled clover have this year been suj>plied for the 
trials supervised by Brigadier-General Cook, E. G. A. This 
fodder was grown by the zainindars near Ilarnai and was 
purchased green for drying and baling. These operations 
were interfered with to some extent by the scarcity and 
dearness of agricultural labour which resulted from the 
temporary concentration of troops at Ilarnai and in the 
neighbourhood in connection with the Mari Field Force. 
Some of the fodder was supplied to the troops green, the 
rest was dried and made into bales for the tests at Quetta. 
These are noiv in progress and are proceeding satisfactorily. 
A suitable centre for the growth and baling of shaftal, 
lucei’iie and berseeni on the large scale has been found at 
wdiich it wdll be possible to erect and run a hydraulic press. 
Detailed suggestions as to future work are being drawn up 
at the request of the Army authorities. 

At the suggestion of Brigadier- General Cook, E.G.A.,, 
and with the assistance of Major Hislop, experiments have 
been made at Quetta to determine w^hether or not these 
leguminous fodders could be baled close enough to meet 
Army transport requirements. The difficulty in baling 
shaftal and lucerne hay, under the dry conditions at Quetta, 
is to obtain a close bale without, at the same time, damaging 
the product. Both these fodders dry out so quickly and 
become so brittle that it is almost impossible to bale them 
without considerable loss of leaf — the most nutritious 
portion of the fodder. 

These difficulties have now been overcome. If shaftal 
or lucerne hay is allowed to dry outright in small stacks, the 
brittle fodder can be got back into condition for close press- 
ing by watering the heap on the outside by means of an ordi- 
nary watering can and by covering it up for 2d hours -with 
a larpauUij or a small tent- The moisture then penetrates 
the heap and brings the fodder into condition for handling 
and baling. The outside layers are often a little too damp, 
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but if these are allowed to dry in the sun for an hour or so, 
the extra moisture rapidly evaporates. The amount of 
water required is about 10 gallons for every 150 cubic feet 
of stacked fodder. To enable the moisture to spread evenly, 
heaps 14^ x 3-5' x 3' are quite suitable. Some judgment is 
required in baling the moistened fodder but a little practice 
will avoid any danger of pressing too damp. The best stage 
is when the fodder is just beginning to feel brittle. 

The baling experiments were duly carried out on August 
1st, 1917, by means of the -Boomer press at the Supply 
Reserve Depot. Quetta, with lucerne brought into condition 
by damping as indicated above. Two kinds of bales were 
made with the Boomer press — ^(1) with lucerne only and (2) 
with chalfed lucerne and hhusa in equal parts by weight 
mixed ready for feeding. The lucerne by itself was found 
to be the more easily compressed. The size of a maund bale 
of lucerne was 30" x 16'' x 13" (equivalent to 97 cubic feet 
to the ton). The size of the mixed lucerne and hhum bale 
was 31" X 17" x 13" (equivalent to 105 cubic feet to the ton). 
I'he press had not been used for some time and was a little 
out of adjustment or it would have been easy to compress to 
90 cubic feet to the ton-—the Army standard for pressed 
hlmsa. There is no doubt therefore that these leguminous 
fodders can be compressed to the required degree. 

As regards keeping qualities, there is every reason to 
believe that no danger need be apprehended from this source. 
Several bales, made on August 1st, 1917, were opened during 
the present year and the fodder in both the lucerne and 
mixed bales was found to be in perfect condition with no 
trace of sourness or moiiidiness. 

Now that all the difficulties in converting these legu- 
minous fodders from the green state into compact bales of 
hay have been solved and many successful trials of the pro- 
duct have been carried out, it only remains to suggest the 
desirability of taking up similar work in localities such as 
the Punjab, the Western Districts of the United Provinces 
and Central India where some or all of these crops are easily 
raised. A stock of such concentrated fodder would be of 
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tile greatest use in India for improving the feeding value 
and palatabiiity of existing materials such as Ihusci, harhi 
and dried grass both for ordinary stock, for oxen engaged 
in transport and also for dairy cows and buffaloes. 

Lucerne behaves as a perennial both on the soils of the 
Peninsula and also on those of the alluvium wherever the 
drainage and soil aeration during the monsoon period are 
sufficient. When kept free from weeds, when well manured 
and supplied with sufficient moisture, large crops are 
L. obtained. Berseein does well during the cold season in 

localities like Sind and the Central Provinces where the 
temperature and soil conditions are suitable. Shaftal does 
best on the upland frontier valleys but it can also be grown 
to advantage in the Punjab. In some localities, all three 
of these crops can be grown and in this way a large number 
of cuts of fodder could be produced for making into hay. 

3. Tire sun-drying of vegetables. 

\ The preliminary- work connected with the sun-drying of 

, vegetables at Quetta, referred to in the last report, has 
aroused a considerable amount of interest throughout India 
and numerous requests for these products have been re- 
ceived. In order to discover the extent of the demand for 
sun-dried vegetables from the civil population, an exhibit 
of this material was arranged for at the All-India Pood 
Products Exhibition at Calcutta in January of the present 
year. By this means we were enabled to get into touch with 
I a number of possible consumers including some of the lines 

of steamers based on Calcutta. There is likely to be a 
demand for sun-dried vegetables from hotels and boarding 
4 houses, clubs, private individuals in Southern India, expedi- 

tions, passenger steamers, sailing ships, engineering parties 
engaged in railway construction, bridge building and on 
oil-fieldSi and also from the caravans on the trade routes in 
desert regions like Persia and Seistan. A number of sam- 
ples have been tested by various people and very favourable 
r reports have been received. The Calcutta exhibit, for which 

a special prize was awarded, was then transferred to‘ Lahore 
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and shown at the Conversazione in connection with the 
meeting of the Indian Science Congress, This attracted 
many visitors and completely exhausted the first edition of 
Bulletin ]S’’o. 8 in which the process of sun-drying is des- 
cribed in detail. A paper on this subject was read and 
discussed in the Botanical Section of the Science Congress. ‘ 
The medical men present were keenly interested in this 
matter and as a result of the discussions we secured the (co- 
operation of Colonel Sir Leonard Rogers, ICR.S., in tiic 
investigation of the anti-scorbutic and anti-b(n.Ti berri pro- 
perties of vegetables prepared in this manner. A number 
of samples have since been despatched to Calcutta for these 
experiments. 

As tlie only way of linding the value of a new ibiijg is t<» 
sell it, arrangements have been made to phme sun-dri(‘d 
vegetables on the^ market. Suitable agencies Imve Ikmmi 
arranged at Calcjutta, Bombay and at Quetta and as soon as 
the coloured labels (wliit3h are being designed and printed 
by the Lucknow School of Arts and Crafts) arrive, tuilf 
pound tins of these vegetables, in a compressed form, can be 
purchased by the public. The price charged will be below 
that of tlie Californian tinned product whicli is put up wet 
and which is very heavy and bulky to transport. Samples 
of dried vegetables, in I,)rick form, will also b(3 available I, bis 
year for trial on the trade routes in Seistan a.n<l lArsia.. 

The (piality of sun-dried vegetaJ)ies dt^pemds on tlie way 
in wliicii the fresh pi'oduct is gro^vn. Most of the segef a hies 
produced for the market at Quetta a.re not well cultivatiHl 
and in almost all cases about half tlie irrigation wa,te!‘ is 
wasted. The result is that tlie fresh material now avaJlahlc 
is not the best possible tor sun-drying and the yield is sonuo 
wdiat low. The motfiods of vegetable growing in this 
locality appeal to be capable of considerable improv(aut‘nt 
and arrangements liavc been made to grow a plot, at {.1 h^ 
Fruit Ivxfioi'iment 8ta;Linn in lO.IO and to work out I In' bi'st 
methods applitablc to local conditions. At tlm same ii\m\ 

of vegcUiblo,^.” Thi' Af/rioulfuml Joiirnol of Indin, \,.l. \il|, 
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i.iie cost of conversion on the large scale can be detemiined” 
with the help of labour saving devices such as slicing and 
peeling machines which are being imported for the purpose. 
As far as can be seen at present, there is every prospect of a 
new and profitable industry being created in Baluchistan in 
the growing of vegetables for sun-drying. 

Bor military purposes, the Army at Quetta is continuing 
the work started in 1917 and during the present year it is 
expected that a further (quantity of sun-dried vegetables 
wall be prepai’od for use on active service. 

The demand for copies of Bulletin No. 8, in which the 
process of sun-drying was described, has been considerable. 
The first edition, printed in August 1917, became exhausted 
oai'jy ill the present yca,r a,nd a second English edition was 
brought out in March 1918 as well as one in Urdu. 

4. The improvement of fruit culture. 

In the last report, reference ivas made to the results 
obtained in the raising of nursery stock for local distribu- 
• tion. These matters liave since been described in detail in 
Bulletin No. 9, which, v/as issued early in the present year. 
A considerable number of copies have also been sold and 
distributed in India. 

The demand for fruit tJ’ees still continues very great and 
every year many small trees are purchased for planting 
which really ought to remain another year in the nurseries. 
It is lioped now to hold in reserve sufficient trees for a second 
year’s gvowlli for issue in the autumn of 1919. As all the 
details relating to the experiments on the propagation of 
fruit trees have beeji published, it would seem that the time 
lias come for private enterprise to begin the supply of the 
large number of trees required every year in Baluchistan. 
The ideal arrangement in this matter would appear to be 
for Government to supply a reasonable number of trees every 
ycai', to ma.intain suitable varieties true to name, to provide 
budwo(.)d, to train mails, to undertake all the importation of 
new vaidef ics and to car.ry out all experimental work in these 
matters. After this> private enterprise should supply any 
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further trees lieedecl and should supplement the wor]< oi the 
experiment station. Unless some such principle is a,<lopted 
and means are found of developing local agencies to inke- 
over portions of the work when it has passed tlic cxp(vri'- 
mental stage, the burden of routine will become so grcvii tha-t 
no f urther investigations will be possil)lo. ii’orUinately, a, 
beginning has already been made in this dircc-tioii and tw«) 
private nurseries have been started at Quetta, by retirtai 
Europeans. The work is not arduous a.iid when carcihlly 
carried out should prove both interesting and reiniuierativc.. 
One of the surest means of increasing the income of a private 
garden at Quetta is by raising a number of young trees for 
sale every year. Similar work might also be taken up in tlie 
districts. 

5. Fruit packing. 

The sale of improved fruit boxes to the public, wliicli up 
to 1916 had proceeded very satisfactorily, luis ia,lL(U’ly been 
greatly interfered with by the war. Although {MU’angc- 
ments were made in 1916 for the delivery the next year of a, 
large supply of cardboard boxes, punnets a!id crate wihxI, 
all the consignments were delayed and arrived at. (^,ue.lta, 
too late. The consignments of cardboard boxes a,nil pun- 
nets from Great Britain happened to be shipped to i iidia by 
the same vessel which struck a mine oiitsicie Bombay and 
only just reached port. In due course, both consignment.s 
arrived at Quetta at the end of the fruit season. T.iie cratt^ 
wood was arranged for in 1916 from two Indian budories 
but ill each case delivery did not take place till tlie midflic^ 
of 1918 due to the fact that both the saw mills wore eiigagtul 
in ivar work. At the time of writingv July 24:t]i, 1918, the, 
last of the consignments ordered in 1916 has arrived at 
Quetta and the various boxes and crates can now Ik*, fuu, 
together. It was hoped that the box boards propaa-cd in 
India from locally grown timber Would be consiilerably 
cheaper than similar supplies from Norway, Great Britain 
and Japan but this expectation has not been realized. 
Indian boards have proved inferior to and considerably 
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dearer than imported material, while the railway freights 
now charged for full waggon loads are enormous. Till more 
normal conditions of supply and transport obtain and till 
importation from Norway and other countries is again 
practicable, it will scarcely be possible to collect any more 
fruit box material at Quetta. The supplies already in hand 
are expected to last till 1920 after which no more orders will 
be sent till after the war. This work is financed by means 
of Trea,sury advances and purchases and sales have to 
balance each other. The system therefore does not admit 
of the holding of large stocks of unsold materials and is 
quite unsuited to the trade conditions of the present time. 
As soon as the war is over and prices settle down, the supply 
of these boxes will be handed over to a local agency. The 
demand is now considerable and the suitability of the vari- 
ous boxes and crates has been thoroughly tested. Railway 
concessions have been arranged for and are now in working 
order. The whole question has passed the experimental 
stage and will be dealt with by the trade at the earliest 
opportunity. ' 

V. Proge.^mme and Publications. 

1. Programme of work for 1918-19. 

Investigations will be continued on the following crops 
on the lines indicated in the annual reports and in the pub- 
lications of the Section — ^wheat, tobacco, fibre plants, indigo, 
gram, oil seeds, fodder crops and fruit. 

2. List of Publications. 

The following papers were published during the year 

1. The snn-drying of vegetables. Bulletin 8, Fruit Experi- 

nnent Station, Quetta. First edition, August, 1 9.1T. 
Second edition, March, 1918. Ahstract read at the 
Indian . Science Congress, Lahore, 1918, and pnhlishcd 
ill the Agricultural Journal of India, vol. XIII^ pi. IV, 
WW. ' 

2. Tarkarion ka dhiip men khnshk karna. Bamla no. 8, 

August, 1917. (Urdu publication. ) 
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3. Kote on tlie baling of slioftal and lucerne bay. Journal of 

Dairi/inf/ and Dairy Farming in India, vol. V, llbIT, 
p. Gl. Reprinted in tlie Agncidiivval Journal of India, 
vol. XIII, pt. IV, 1918, 

4. Tbe agriciiltiinil (levelopinent of ISTorlh-Wesl. India,. Jtnd- 

nal of Dairyinq and, Dairy Farm in q in f)tdia, vol. V, 

1917, p. 7. ' ’ 

5. Tbe improvement of fruit culture, in Bahiebislnu. IhdU'- 

fin 0, Fruit E.Tperimcnt Sf action, QurUa, Et'brii:ri'\% 

1918. 

G. ReconI, inve.stigalions on woil aer.MlIoji, A le<*|.ure vvifli ,MV. 
B. 8. TTole, delivered to the Indian Scie.nee Oorigrf'.sa, 
Lahore, 1918, and ])ul)Hs]ied in I'ldl in. the huJian 
Fnrcatcr, vol. XLIY, 1018, p. 107. lle])rintod in ilia 
Agrioultiiral Journal of India, July, 1018. 

7. Report for 1916-17, on Econoinio Botany for tlie Board of 

Scientific Advice. 

8. Some metbods suitable, for tb(‘, study <»f rool. dt'vtdopmenl:., 

A paper read at tbe Indian Scitnxai (jongrivss, Laiiore, 
1918, and published in tin* Kpociai vSciemui (jtuigiw 
Number of tbe ,7r> ///'//!'//' n/ 10.18, 



INSTITUTE, PUSA, FOP 3917-18 


71 


REPORT OE THE IMPERIAL AIYCOLOGIST. 

(P. J. F. Shaw, D.Sc., AE.C.S., E.L.S.) 

I. Charge and Establishment. 

D3?. Biitler held charge of tlie Section throughout the 
year and I remained as Second Imperial Mycologist. On 
8th duly., 1918, Dr. Butler proceeded on deputation to the 
Federated Malay States and lianded over charge of the office 
to mo, iient^o I a.in writing this report. It is witli deep 
regret that I have to record the deatli, on 1st March, lOlS, 
of Munshi Inayet Khan, Third Assistant to tlie Imperial 
Mycologist. Mmishi Inayet Khan was the oldest assistant 
in the Section and had lieen witli Dr. Butler from its com- 
mencement; his record of service was, however, considerably 
longer as he served with. Mr. Duthie in the Botanical 
Survey of India and held the Flazara (1888), Relief of 
Chitral (1895), Punjab Frontier (1897-98), and Tirah (1897- 
98) medals for plant collecting service on these expeditions. 
Of hite years he held charge of the mycological herbarium 
at Piisa and the accurate knowledge of systematic botany, 
which he had acquired by inany years of practical experi- 
ence, was always of the greatest utility in the work of the 
laboratory; ii] this direction his loss is one which we can 
ha,rdly ho])e to replace. Thronghont his service he remained 
an exaniple of loyalty and efficiency to all his fellows. 

II. Training. 

l.ala Kripa Ram, L.Ag., .Assistant to the Economic 
Botanist, Punjab, finished his c'ourse of training on 25th 
September, 1917. Mr. .B. N. A^akil, a private student, 
worked in the Section from 19th. November, 1917 to 29th 
June, 1918. Mr. M. Mitra joined the Section on 15th 
June, 1918. 

III. Diseases of Plants. 

Tlie investigation and the demonstration of inethods of 
control of plant diseases formed as usual the major part of 
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tlie work of the Section. Crop parasites wei’e collix^ti^d <iTn'l 
identified and advice given to th.e officers of the ()e])artin{Mit 
ancl the general public as occasion required. 

(1) Ufra of rice. Evidoiice was obtained both in po(, 
cultures at Pusa and in a field exjierinicnt cai’ried out in 
collaboration with the BeiigaJ Department on Dacca t'arm 
that this disease can be sometimes conveyed by soimI froni an 
infected crop. 

The laboratory work at Pusa during the past season was 
directed chiefly to a study of the conditions which enable 
or induce the parasitic eelworm {Tylenohus angustus Biitl.) 
to leave the water of the paddy fields and ascend the ])lant 
to reach its susceptible portion near tlie apex of the sboot. 
In last year’s report it was explained that aimosplnnm! 
humidity immediately around the plant was t!ie deleianin- 
ing factor, the worm being unable to move out of wat.m* 
except at high humidities. 

The exact measure of the humidity of tlu^ a,ir on I he snr 
face of a plant is exceedingly diificult. Ji> is, bowever, f)o.s 
sible to grow paddy in enclosed clmmjxvrs and measure the 
relative humidity of the air within the chainber. It is also 
possible to watch the movements of worms on glass slides 
kept in similar chambers. By tluvsc niotbods, using a Pnjy • 
meter, it was found that the worms can iiiov(\ frindy wlnm 
kept on glass slides at a relative humidity of Do (tempin-a 
ture 87° to 90° F.), but not at all, at 90, the exact ptjim, 
being apparently near 93. On the living pla.nt they can 
move at lower air liiimiditics, certainly below 90 but. uol- at 
75, at the same temperature. If they can HO(,tn I'eacli the 
inner folds of the shoot (which is only possible in ycning 
seedlings), they become less dependent on high air hnmidity 
than when they remain on the exposed srudace, no doubf. 
because the vapour of transpiration causes tlu'. emdined air 
within the folds to reach a higher degree (>f sal iiral ion Ilian 
that of the surface. 

Tempera, ture also influences movement but, less regu 
larly. For instam^o, worms when free in waj-ur ai’<‘ mu? U 
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more sluggish at 73° than at 88° F. proYided they have not 
fed recently, but active, well-nourished worms taken 
directly after feeding show little difference in motility at 
the two temperatures. At low,, temperatures there is 
ordinarily little tendency to ascend shoots projecting out 
of the water even when the air is approximating to satura- 
tion, but here again freshly fed worms seem somewhat more 
active than those that have been dried for some time. 

Light is also a factory but the results so far obtained 
require further testing. 

Starvation is a factor of great importance. In one 
experiment two batches of 20 worms were placed in drops 
of water on slides in a saturated atmosphere, one batch con- 
taining only worms that had not fed for 18 days, the other 
worms taken after they had had access to living young 
paddy shoots. In 24 hours all but 4 of the former batch 
had left tlie water and Avere wandering freely in the cham- 
ber, whereas in the other batch none had left the drop. 
Four days later only 1 was left in the first drop while 10 
were still in the second. 

Hence amongst the factors wliich control the wander- 
ings of the Avorni in search of the food that it can only 
obtain from the living paddy plant, some, such as humidity, 
are absolute in that they impose conditions wliich rigidly 
limit the power to move, while others are relative in that 
they act through the instinctive or other vital processes of 
the worm and so influence its movements indirectly, and are 
more variable in their action. 

In carrying out such enquiries progress is necessarily 
sloAv, since the period during Avhich tjie Avork can be done 
is limited each year, and all the work has to be done under 
microscopic control, the worm being invisible to the naked 
eye. 

As an indication of their practical application, it is 
sufficient to mention that in certain districts the earliest 
attacks take place on the paddy growing in close proxi- 
mity to or even mixed with the main crop, and that as the 

' ' 3 ? 
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former ripens off about July it becomes unable to supply 
food to tlie worm : the latter must then rapidly fall into the 
starvation condition which will induce it to wander vigor- 
ously to the aman crop. 

Some further progress has been made in <]clining tlie 
limits of the infected tract. No new outbreak outside ])re- 
vioiisly known areas was reported during the year excijpt a 
small extension towards Chittagong. Two iioldiuen from 
Pusa examined the infected areas near Chittagong, in 
Faridpur, and in the Manikganj Subdivision of Dacca. 

The following demonstrations were carried out by the 
Bengal Department of Agriculture under advdne from 
Pusa. ‘ 

Dacca District, (i) Vilcrampur. About 58 acres were 
treated by burning the stubble and sown with either ammi 
or digha paddy alone or with aus and ama?i mixed or with 
aus followed by jute. The am paddy escaped, the dighdi 
was veiy slightly damaged, but about 12 acres of a/man were 
attacked. The amount of loss was not reportetl 

(ii) Nagafi. About 25 acres WT.re trealeil as above. 
IJfra appeared in 3 acres only but the amount of damage 
was not reported. 

(Hi) Pvba.il. A small, isolated block wliieli lias gisaai 
little or no crop for several years was trealral as bi‘l'ni*e. 
The disease apjieared in one part only. ddu‘ yitdd wa,s 
about seven-eighths of a normal crop for the first, time for a. 
number of years. Another larger area was similarly 
treated but the loss -was about a quarter of the m’op. It 
was not isolated from untreated infected paddy close by. 

Farid'puf District. About 10 acres were ti’catiul as 
above at Gopajgaiij. No disease appeared until late in the 
year. Further reports have not been received. 

A detailed account of the present state of knowledge of 
the disease lias been written by Dr. Butler a..nd it is hopisl 
will be published during the coming year. 

(2) Black band disease of jute. During the mins (d‘ 
1917 an area of about 40 acres of jute (Corchoim capsm 
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la/Hs) was grown on the Piisa farm as a seed crop for the 
Fibre Expert to the Government of Bengal. The variety 
grown was that called kakya homhai m.& about half the 
area was sown in March and the remainder in June. The 
early sown portion of the crop grew well, but about the 
beginning of August a number of plants appeared to be 
drying up, the leaves falling to the ground and the stems 
blackening. Inspection of the crop showed that this dis- 
ease commenced with the formation of a black patch on the 
stem at a point from 1-| — 3 feet above the ground level. 
This black patch spreads rapidly forming a discoloured 
band round the stem abouh 4 — 12 inches long. At this 
stage the leaves of the plant droop and fall and the black 
band extends up and down the stem, until finally the dis- 
eased plant is left simply as a blackened stick. 

Examination of the surface of a diseased stem showed 
the presence of large numbers of pycnidia of a fungus 
which proved to be identical with that known as Diplodia 
Corchori Syd. This fungus was first collected as a para- 
site of jute on Pusa farm in 1910, but until the present sea- 
son there was no reason for suspecting it of being more than 
an occa.sional j)arasite. As, however, the crop ripened the 
disease increased until it was estimated that, about 20 per 
cent, of the crop was infected. The fungus was obtained 
in pure culture and inoculations upon healthy plants suc- 
ceeded in establishing the disease and proved the parasi- 
tism of the [‘ungiis. 

Inspection of the jute seed crop in other parts of Bihar 
showed that the disease was in 1917 widespread and, as the 
Bihar seed crop was intended for seed distribution in the 
jute growing districts of Bengal, suggested the advisability 
of disinfecting this seed before sending it to Bengal. The 
fact, however, that an examination of old specimens of jute 
in the mycological herbarium at Pusa showed that this fun- 
gus had; during the past 10 years, been collected, but not 
identified nor suspected of parasitism, over a large area in 
Bengal, indicated that there was no danger of introducing 
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a fresh parasite to the jute growing districts.^ Neverthe- 
less as the seed was being distributed very extensively by 
the Bengal Department of Agriculture, it was dcoi<l(Hl lo 
disinfect it. The problem of disinfecting the jnto seed 
resolved itself into discovering some method of 1 real , hum it 
which would kill those spores of the fungus wliich bcH-a.ini' 
mixed with the seed during threshing without injuring tlio 
germination of the seed. Experiment showed tha,t 
ing for 10 minutes in a 2 per cent, solution of cop[')er sul- 
phate could be relied upon to inhibit the germiiicrtion of 
the fungus spores without a,ppreciably affecting that of the 
seed. The whole of the Bihar seed crop was therefore (m-) 1- 
lected in Pusa and steeped in a 2 per cent, solid ion of 
copper sulphate for 10 minutes a,nd the seed then candnlly 
dried on a, concrete threshing .floor. Tlie work was (‘arih'd 
out during the first tiu'ee week's of da,nuary and th(‘ s(vm 1 
at once bagged a,nd despatclied to Dacca, a, total ol' about 
20 tons of seed was treated in tliis way. 

Early in Noveml)er the jid,e seed crof) in Kainrop was 
inspected and found to be suffering from iH-plodia Corchon, 
This seed was collected and treated at Dacca. A fa.ct 
which was apparerd'. both in Bihar and Kanu'iip was ihaf. 
the late sown crop was relatively inimnne from attath'. All 
field observations suggest tluit in some way the iucidmae 
of the disease is dependent upon the host plard, reaching a. 
certain stage of maturity and size and tliickness of stem. 
Field and laboratory experiments are being conliniuMl a!, 
Pusa with the object of elucidating the conditions which 
favoiTi' the spread of the disease and any i’lirlher iviel hods <d’ 
control. Further observations and experiments on 
tonia on jute and its relation to this new disease are also 
being made; this investigation is being carried oid by Dr. 
Shaw. 

(3) Root rot of the sal tree. The inocnla, lions carried 
out at Delira Dun on young sal trees have not yiehha! any 
results, and a furtlier serieKS of infections using |)i(‘('es of 
fresh sporophores of Pol/f/porus Shorem, is hm'ng aia-angcd 
in collaboration with the Forest Botanist. 'ITk^ figures 
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obtained during the past year in the fungus observation 
plots at Rajabhatkhav/a show a number of new attacks but 
a relatively low proportion of fresh deaths. 

(4) Black thread disease of rubber. In Burma 
there is now hardly a plantation in bearing that is free 
from the effects of this disease. It is not confined to the 
tapping surface and the fruits as previously supposed, but 
it attacks leaves as well and causes an extensive defoliation. 
The infected trees do not readily recover from the effects of 
leaf-fail and consequently there is a great reduction in the 
yield of latex in the months of October, November and 
December when under normal conditions the trees are 
expected to yield their maximum, before natural wintering 
takes place. 

The remedial measures previously recommended have 
been tested on a plantation scale in Burma and have been 
found to be successful. The removal of seeds and the free 
admission of light and air by thinning and pruning have 
proved effective in reducing both leaf-fall and black 
thread on the tapping surface; but on account of the high 
cost of systematically removing the seeds it is doubtful if 
this measure is commercially practicable. In the Federated 
Malay States a regular application of Izal on the tapping 
cut has proved effective in preventing and checking black 
thread, but on a plantation in Burma where this disinfect- 
ant and otliers, such as, Solignum and Brunoliniim, were 
given an extensive trial they have not been found to do 
much good ; the reason is that in Burma there is more likeli- 
hood of the disinfectant being washed oh in the more fre- 
quent heavy showers of rain than in the Federated Malay 
States where the rainfall is not as high as in Burma and is 
not confined to four months of the year. 

The extent of the damage done by black thread on differ- 
ent plantations in Burma is not the same. The varying 
amounts of rainfall in the different rubber growing dis- 
tricts do not seem to have any direct bearing on the extent 
of the disease on the tapping cut, and on the amount of 
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damage done; but they seem to be proportional to the 'depth 
of the tapping cut. On a certain plantation where the 
rainfall is only 100 inches but where the ta.p]:)ing is very 
fine and deep, black thread is present in an epideiuiic lorm ; 
not only is the percentage of diseased trees very high bid. 
the actual damage done to the bark is very great. But 
on other plantations where the rainfall is i200 inciH'.s or 
more but where the tapping is rather light, lilack tliriMui i.s 
considerably less and seldony causes open wounds. I'hcse 
observations have also been confirmed by inoculation experi- 
ments. 

(5) Ohlllies, Die-hack of chilli. Experiments in the 
treatment of die-back, a very serioiis disease nf (iiillics in 
Bihar, caused by Y ermiciilarm (J have been (.‘.on- 

tinned by Mr. Dastur in the year under rcndew. It fias 
been found that one per cent. Burgundy inixtuie spra.ytMl 
soon after the flowers set and again a fortnight later, con 
siderably checks the disease, both on the plants and the 
fruits. The percentage of the disease in i’ruits picked from 
the sprayed plot of last year up to the first week of Dcituu- 
ber (after which time the disease is prat‘l,ica.lly negligible 
in the fields) was 7*6, while that on fruits from the un- 
sprayed control plots was over 33. IS’ot only did the freshly 
picked fruits from the sprayed plot compare j'avourably, in 
regard to the percentage of disease, with those from the 
iinsprayed plots, but they also stood <lrying bet lei', tla' 
market vata of the sprayed fruits being thereby increased. 

Another measure that proved successful in completely 
checking the disease was sowing the crop a month later 
than usual on a field manured at the rate of 2 c'.wt. of sipier- 
phosphate and 1 cwt. of socla nitrate. Tlie manure was 
applied to increase the yield of the late sown crop which 
would otherwise be very poor. 

These and other measures will be again tried during the 
coming chilli season at the end of which it is jiojx'd to pnl?. 
lish a detailed account of the study of the die-back disease. 

A7iaL7‘acaose of chillL During the year umhu' review 
Mr. Dastur has continued the study of Collelotrichuw 



INSTITUTE, PUSA, FOR 1917-18 79 

nigrmn and Glceos^ofiuin 'piferatum on chillies, and has 
found that these two fungi are identical and that they are 
the conidial forms of Glo'niereila cingulata (Stoneman) 
Spauld. and v. Schrenk which is considered to be synony- 
mous with piper ata (Stoneman) Spauld. and v. 

Schrenk. 

A second disease of chillies, causing blossom and twig 
rot, was discovered during the progress of the investigation 
on anthracnose. It did as much damage as the chilli die- 
back. This disease is due to a fungus which has been 
identified as Choanephora cucurhitarum (B. and Eav.) 
Thaxt. It has not been previously known to occur in India 
but in America it is a serious pest of cucurbits. 

(6) Fruit diseases. The spraying of peach orchards 
on the Government farm at Taru, North-West Frontier 
Province, against peach leaf curl was continued during the 
year under review. The difference between the sprayed 
orchards and unsprayed orchards became very marked as 
the season advanced and proved conclusively the advantage 
of spraying against this disease. 

Specimens of crown gall on quince and pomegranate 
were collected in Peshawar orchards, this being the first 
time this destructive disease has been recognized in India. 

A number of enquiries from apple orchards in Kumaun 
resulted in the following diseases of apple being identi- 
fied 

Root rot of apple due to the attack of Eosellinia. This 
fungns is well known as the cause of extensive damage in 
orchards in Europe and elsewhere. It appears to be most 
severe in strongly acid soils and an analysis of the soil from 
the orchard in question showed a marked deficiency of lime. 

Apple cracking and branch blister. The cracking of 
apple fruits, which is common in these orchards, is due to 
the fungus C omothscium. chsmatmporium Corda. This 
fungus has recently been the subject of investigation in 
South Africa and Europe — the parasite has been obtained 
in culture and will be kept under observation- A system of 
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spraying against this disease is being tested during tf le 
current season. 

Fire blir/ht. This destructive bacterial disease, soioiis 
to be present in Kumaun orchards and will be kc'pt under 
observation. 

During the year under review the “ j'oot rot ” disease ol‘ 
papaya in Pusa was again investigated and foimd t.o be due 
to a species of Pyth/mm. Infections with pure cullu.ix*,s <d’ 
Pythium were successful in producing the disease and more- 
over the species of Pythium concerned appears to be iden- 
tical with that which causes damping off of loba.cc'o 
seedlings and soft rot of ginger. Excision of the disimsiHl 
tissue and treatment of the wound witl\ a wash oi‘ 50 ptn* 
cent, carbolic acid in water appears to be nl'I'ectivo rmiiody. 

A ripe rot oi peaches caused lyy a, specit^s of AnpergUluH 
was for the first time found in Ihisa. dnriiig tlio past. si'a.son. 
The same species has been known to af tach mangoes as well. 

(7) Tikka disease of groundnut. T\\<-. grcnindnut 
crop is attacked by two distinct fungi, one the cau.se of true 
tikJca, C&rcospora personata (B. and C.) Ellis; the other, an 
undescribed species of Cercospora, whicli occurs commonly 
in the crop in various parts of India,. The disease due to 
the unnamed Cercospora is ap|)arently ouly known in 
India and, in the last ten yeans, has been (■()Ilecte<l in lairious 
parts of this coniitry. The outbreak a,t Kniiclii in t,la‘ past, 
year was the first case in which it wa.s obsc.rvtai a,s a, sei'ious 
disease, In the Ranchi plots the distrilmthm was (juiti*. 
erra-tic and did not seem to bear any relation to either the 
variety grown or the manurial treatment. It was (wcccsl • 
ingly difficult, without microscopic examination, to distiji- 
guish the two attacks : the symptoms were similar, and the 
damage much about the same in both cases. It appoai'cd 
to be a matter of ehanee which fungus was most prevalent 
in any particular plot. It is probable tliat the imanased 
amount of this disease in the groundnut crop at, Ranchi is 
due either to some deterioration in the plant or .sonu^ un- 
suitability in the locality. It would possibly ho, worl.h 
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while testing the first of these possibilities by growing 
newly-imported varieties received direct from abroad or 
from some other part of India. It was found in Bombay 
that directly imported Madras seed did nearly as well as 
the foreign importations, but it was not known how long 
the Madras varieties had been in the country. The view 
that tile disease in the crop is due to phosphatic depletion, 
suggested tentatively last year, must be abandoned. 

(8) Other diseases. A damping off of tobacco seed- 
lings due to Pythium g facile came under observation and 
control measures were tested. The treatment of seed beds 
with copper sulphate and sulphuric acid in varying pro- 
portions did not check the disease. 

An outlireak of a fungal disease upon the Rangoon bean 
{Phaseoliis l/matus) in Burma was attributed to the fungus 
Phykrphtlmra. in articles in the public press. Investiga- 
tion of specimens showed that this diagnosis was quite 
eri’oneous and that the preliininai'y alai'iiiist reports were 
without adequate foundation. This fungus is a sclerotial 
fangiis and is under observation in culture at Pusa. 

A serious outbreak of disease on opium poppy was 
reported l)y the Agricultural Adviser, Central India States, 
and proved to be due to Erysifhe Polygoni, a mildew not 
previously known as a parasite of poppy. The disease will 
be kept under observation during the coming season. 

Work on sclerotial diseases of sugarcane and paddy was 
continued and the results are being prepared for ^publica- 
tion. It has been established by inoculation that the 
sclerotial fungus which produces the disease known as 
“ Djamoer Oepas ” on sugarcane will infect upon paddy. 

Some observations were made correlating the incidence 
of wilt disease in raJiar {Cajcmus indicus) with the com- 
pos i Lion of the soil. The results were obtained from the 
permaueiit inaniirial plots on the Pnsa farm and the work 
will he continued every year. Field work on tokra of 
tobacco was continued and the results confirmed the con- 
clusions published in the last annual report ; the investiga- 
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tioii will be carried on during the coming season with 
different varieties of tobacco seed obtained from other parts 
of India. 

IV. Miscellaneous. 

The year under review was marked by the passing of an 
order, under the Destructive Insects and Pests Act, regin 
dating and restricting the importation of plants and seeds 
into British India. By the provisions of this order no 
plant may be imported into British India through the letter 
or sample post, and the importation of plants other than 
fruit and vegetables intended for consumption, potatoes 
and sugarcane is restricted to certain prescribed ports, 
where fumigation with hydrocyanic gas can be carried out. 
Since fumigation, although satisfactory in the case of insect 
pests, is not an efficient method of killing fungal parasites 
in seed and plants, the importation of fungal disease is i)ro” 
vided against by a series of clauses regulating tiie intro - 
duction of potatoes, sugarcane, rubber plants, coffee plants, 
coffee, flax, berseem and cotton seeds. Tliis list includes 
the plants and seeds on which the inti’oductioii of danger- 
ous fungal diseases into India is most probable, and the 
provisions of the notification ensure that these plants shall 
only be introduced if accompanied by a certificate ;lrom a. 
competent authority in the country of export stating that 
they are free from certain fungal parasites. In the case of 
coffee plants and seeds importation may only be done by the 
Madras Department of Agriculture. 

Dr. Butler’s book entitled Fungi and Disease in Plants 
was published during the year under review and supplic.s 
a long felt want in the literature of scientific agriculture 
in India. 

Additions to the herbarium numbered 122 foreign speei - 
mens and 97 specimens collected in Indm 

V. i hlOGRAMMB OF WORK FOE 191 S 19. 

(1) Research irork. New diseases of Jfid!;i,ti creps ll‘a! 
come to the notice of the Bection will be investigated as 
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opportunity permits, but the following diseases will receive 
special attention and will constitute main lines of investi- 
gation : — 

(a) Ufra of paddy. 

(b) Orobcmche of tobacco and mustard. 

{c) Die-back and anthracnose of chilli. 

(d) Sclerotial disease of sugarcane and paddy. 

(e) Root rot of sal tree. 

(/) Wilt disease of cotton^ sesamum and pigeon-pea. 

(g) Black ring disease of jute. 

(h) Black thread disease of rubber. 

Minor investigations will include the study of some fruit 
anthracnoses, soft rot of ginger, root rot of cotton and bud 
rot of areca paliiLs. 

It is hoped to publish a handbook of diseases of crops. 

(2) Systematic work. This will be in abeyance for the 
present owing to difficulties in obtaining assistance from 
abroad on account of the war. 

(3) Training. This will be continued on the lines 
indicated in the prospectus. Short courses may also be 
given as necessary. 

(4) Routine work. Advice and assistance will be given 
as usual to Provincial De|)artments of Agriculture, the 
Forest Department, Planters’ xALSSociations and the general 
public. 

VI. Publications. 

(1) Butler, E. J. • Report on Mycology, 1916-17, for the Board 

of Scientific Advice, 

(2) Butler, E. J. . Immunity and Disease in Plants. Agri. 

Jour, of India; Special Indian Science 
Congress Number, 1918. 

(oj Butler, E. J. . Fungi and Disease in Plants, June, 1918. 
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PvEPORT OF THE IMPERIAL ENTOMOLOGIST. 

(T. Bainbrigge Eletcher, R.N., E.L.S., E.E.S., E.Z.S.) 

I. Administration. 

The Imperial Entomologist held charge of tlie Section 
throughout the year ended 30tb June, 1918. Tlu^ post of 
Supernumerary Entomologist remained vacant tlirougliout 
the year owing to the difficuRy of obtaining any suitable 
candidate under present conditions. Mr. Y. Ramaehandra 
Rao, M.A., Entomological Assistant in Madras, was on 
deputation throughout the year to work under the Im|)erial 
Entomologist on an investigation oi‘ the insects whieli occur 
cm L ant ana in India and Burma. 

II. Training. 

One student, 'V. G. Deslipaude, B. Ag., dejnited l)y ilu*. 
Bombay Bepartmeut of Agriculture, wns received on 1st 
June for a special short course in Entomology. 

III. Insect Pests. 

The iiiirnerous observations made on Insect Pests during 
the year under review cannot be given in detail here, and a. 
Report of this nature is necessarily restricted to inclusioii 
of the more important or interesting facts elicited anent 
the more important pests dealt with during the year- A 
summary of our knowledge of Indian Cro|)“jHists up to 
practically the end of the preceding yea,r has been }nil>lis!u'<l 
in the “ Report of the Proceedings of the Second Eut.oinolo 
gical Meeting^ to which the following observations iua,y be 
regarded as supplementary. 

OottOE. Work on Cotton Bollworms was coiitiMued 
throughout the year. From the data available it is round 
that at Pusa, at the beginning of the cotton season, uspii 
ciahy from July to the middle of October, Ea/rias pihia and 
E. insnlanu are the bollworms mostly present, but latiu' nr), 
from the middle of October to the end of January, tlu^. Pink 
Bollworm, Platyedra {Gelechia) gossyirklla, is mostly 
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present and damages the crop considerably. This latter 
period covers the cotton-picking season and it is then that 
F. gossypiella is at its worst. The bollworin parasite, 
Microlyracon — probably more than one species are con- 
cerned — which normally parasitizes Earias, is also able to 
parasitize the larvae of P. gossyfiella whilst these are in the 
shoots and pods of the plant; but it seems to be unable to 
attack the larvae once these have got into the cotton-seeds. 
Large numbers of the larvae in cotton-seeds were collected 
and bred out in the quest for parasites but not a single 
parasite was reared from these. It is undoubtedly owing 
to the absence of control by natural parasites that P. gossy- 
piella is so destructive in some parts of India, notably the 
United Provinces, and it seems likely that its control will 
be best feffected by the discovery and introduction of an 
efficient natural parasite. This is not a problem which 
affects India only, the control of this pest being equally 
important to Egypt, the United States and practically all 
the cotton-growing districts throughout the World; but P. 
gossypiella is apparently endemic in India and it therefore 
seems possible that the required parasite, if such exists, is 
most likely to be found in India. 

As in previous years, the best trap-crop for bollworm 
larval was Hihiscus ahelmoschus. At the beginning of the 
cotton season, when Earias were increasing, the pods and 
shoots of E. al)elnioschus were found to contain a relatively 
larger number of parasitized bollworms than did either 
cotton or any other trap-crop. The advantage, so far as 
incidence of insect pests is concerned, of sowing cotton 
intermixed with another crop was apparent as in the previ- 
ous year, but Cajanus indicus {tur, arhar) is not a good 
crop to be inter-sown wdth cotton. 

Pemplieres affinis was very bad this year in the cotton 
plots and many varieties suffered so badly that they had to 
be removed. On some varieties Pseudococcus sp. was very 
destructive, and others were attacked by Machcerota 
planitim so badly that the infested plants had to be removed. 
A mite, Eriophyes sp., was also bad on a few varieties, 
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Eiee. Stem-borers in rice were under obsorvatiou 
througiiout the year as far as it was possible vvitli ibo 
available. The insects concerned were (1) Schr-fiobinh' 
Hpunctifer, (2) Chilo simpleos, (3) a second specdes oi' (■kilo, 
as yet unidentified and apparently undeseribcMl, hiiJierlo 
confused with C. simplex] this is for the present calhui KitT^ 
Chile, {^) Sesamia inf erens. 

Whilst rice was growing it was observed that the 
prevalence of these borers varied from fi.eld to field and also 
to some extent according to the age of the plants. CoUr 
siderable further observation is required in order to arrive 
at definite facts and conclusions regarding their relative 
prevalence. 

Sesamia mf evens remained active throughout the yt^ar, 
whilst the other three species mentioned above hibernate<l 
in the stubble. In order to observe the hibornn.ting habits 
of these insects four large rice fields outside t lie Pusa Instate, 
amounting in the aggregate to about 180 acres, were k(‘pt 
under observation thi’oiigliout the cold weather from Di'cem- 
her to March, samples of stubble being collected at. intervals 
from all over these fields and examined. As n result of the 
examination of 18,514 stubble-stems it was found that : 

(1) Reckoning as affected only those stems whidi s1ichv(‘(1 
distinct signs of borer attack, the percentage of damage 
varied from 14 to 55 in the various countings and <»ri tlu^ 
average was about 29. As attack by a, borer causes t.he. 
entire ear to fail to develop, this percentage may bi‘ taken 
as representing the proportion of chaff in the fiarvested 
grain. 

(2) At the lowest computation there weri^ aliout, )10,00() 
larvae hibernating in each acre of the rice fields in OeciuiilHU’. 
This number fell to about 15,000 per acre towards tiu; mni 
of March. This reduction was apparently due to the fact 
that, as the temperature rose at the end of the cold wealhe?', 
these hibernating larvm became active and left the stubble, 
and either fell victims to natural enemies or took .siuiller in 
cracks in the soil. In the samples of stubble, however, 
tliere was no sign of the presence of any enemy wortliy of 
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the name, so that the larvae seem fairly .safe from such whilst 
they remain in the stubble. Towards the end of the season 
many Schosnobius larvm were found dead and dry inside 
the stubble, but dead larvae of the two species of Ghilo were 
rarely met with. This fact is in accordance with the habits 
of the larvae, those of SchcEnohius being extremely sluggish 
and too slow to move to safer quarters when climatic condi- 
tions in the stubble become unfavourable. The following 
table shows in detail the main facts about these hibernating 
larvae : — 



During this last examination, in the third week of 
March, it was found that the percentage of dead in the total 
.iiiiraber of Schmiobius larvae found was about 66 in the case 
of stubble which had been ploughed some time previously 
and allowed to lie exposed to the sun, whilst it •was only 28 
in the case of larvse found in the unploughed stubble. The 
simple process of ploughing the stubble at this time of year 
had therefore brought about the death of a very large per- 
centage of Sohoenobius lsiYY8&, Before advocating this as a 
routine practice, however, further observations are desir- 
able. Further work on these rice-borers was discontinued 
at the end of March when the adults began to emerge in the 
Insectary from the larvee collected from the stubble. 

In recent years crabs have come into prominence as pests 
of rice-plants in the^ Indian Empire, and, although not 
strictly subjects for entomological investigation, some work 
has been done on them in their capacity as crop-pesti, 
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because it appears to be nobody else’s business to do any- 
thing in this line. They cut the rice-plants, esjxxa’aliy I lie 
young plants, and are reported to damage rice in l liis way in 
Burma, Madras, some parts of the Bombay Prcsithmcy and 
also in some parts of Bihar. They are known to occur in 
rice fields in Western Bengal but not as doing any damage 
there. About six miles from'Pusa there is a large ric('- 
growing tract known as Barail where crabs were report (m 1 
to be doing great damage, and this locality was visited in 
October, at the end of the Rains, and again in A]>i‘i!, in t.fie 
dry weather. The crabs collected from the riee-fiehls liere 
were identified by Mi*. S. W. Kein]n as belonging to three 
distinct species, viz., (1) Parafclphifm (P.) f;pinif/rra, 'Wood - 
Mason, (2) Potfm.()n (AcanllnipoPtnion) marteiisi, 'Wootl- 
Mason, (3) Potawon (.1) sp. nov. allietl to iroml m/istwi, 
Aloock. A])])a,roiit!y all these three spcxdes are not con - 
cerned in the damage to rice, hut it rorjiiires fnrtliei* oiiscrva- 
tions to detei'mine which s|)ecics are incriminated, l''roin 
observations made hitherto it a,|)pi*a.rs (bat f 1 h'S(‘ crabs take 
tliree or four years to become 1‘nllgi'own and caymble of 
reproduction. In the Iiot wcatlier they go deep down into 
the soil, coming ont and resuming activity in th«^ fbiius. 
From a dry field at Mfinni, in tlie MaixafiVi.rpnr District, in 
April five crabs, yonng as well as adults, were collec'tcd at a 
depth of between 11 and 13 feet lielow the ground ; of llu'sc. 
five, three were P. spmipera tmA two were P. viarienm. 
Sugarcane, (fiansiderable attoi has again been 
paid during the year to the iinporta.nt subject of cane- 
borers and to the question of alternative wild foodplaiiis «)f 
these. In the past, several dift'erent species of borer:;, ail 
superficially much alike, were mixed up logellu'r undr-r tlit‘ 
name of Moth Borer {CMlo sm/plex), which ^OMs supposed 
to atta,ck sugarcane, juar (,.4. Sorghuw), maize and rituc In 
last;yp.ar’s Repm't itw^‘ls mentioned that this “Moth Itiriu-” 
had been differentiated into four distinct species, loirlhcr 
research during the year has extended this numhm- miiil 
we can now discriminate no less than ton forms disl inguish 
able from one another by morphological difhu’imtns in iheir 
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larval and pupal stages, these difterences being most easily 
appreciable in the pupae as a rule. As regards the adults, 
except in a few cases, the types of coloration and pattern of 
markings are very uniform in all the species, and it is 
extremely difficult to distinguish these or to make the 
minute distinctions between them easily apparent by 
description or figures ; study of the male genitalia has, how- 
ever, indicated that the difterences found in the immature 
stages correspond with difterences in these structures, and 
further study of more ample material will doubtless enable 
us to differentiate between the adults, a thing which we are 
unable to do at present with any real satisfaction. 

The nomenclature of these various forms is at present 
in such a state of confusion that it seems inadvisable to 
apply any names at all pending a thorough systematic revi- 
sion of the whole of this group. Many of the species now 
discriminated are probably undescrib^, and the applica- 
tion of the names in the cases of those species of which 
descriptions have been published is extremely doubtful in 
most cases. In last year’s Report, for example, I referred 
to a species under the name of Diatrcea suppressalis {aim- 
cilia), quoting auricilia, Bdgn.,* as synonymous with 
su'pfi'essalis, Wlk., on the authority of Sir George Hampson 
(Bomhay N. H. S. Journal,. 1250); further examina- 
tion, however, shows that our cane-borer, which is appar- 
ently identical with auriMia (specimens of which, named 
by Dudgeon himself, are in the Pusa and Indian Museum 
collections), is quite distinct from examples agreeing exactly 
with the “ Fauna ” description of suppressalis, which lafter 
species we have not bred as yet either from cane or any 
allied plant and whose early stages are as yet unknown to 
us although it is sufficiently common at Pusa. It may also 
be queried whether Diatrcea striatalis, described by Snellen 
from Java, is truly synonymous with venosata, Wlk,, from 
Sarawak. It seems better, therefore, to refer to these 
different species at present simply under the numbers of the 
Cage-slips under which they have been reared at Pusa, leav- 
ing to the future the allocation of exact specific names. 
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Tlio luimeK iised here for these borers (67/.?7o 

spp.) in Gmniineons plants must be regarded **’’’ ’ 

sent only as those under vvliieh wc lifivo kiiowu 

hitlierto, without a„ny giuirantee of accimit'y ol. 

and they are only given here to allow of coinpiO-json 'Wex, n 

the current Report and that for last yea/r. 

Bearing tlie above remarks in mind, we ai**')' 
to the species distinguished u;t> to date. TJioho iiHJnP «■< in 
last year’s Report were : — 

(1) Chilo simplea: (C. S. 1681 and 1680). 

(2) Diatfma auricilm (C. S. 1560 and ^ 

IV. ) 

(S) Diatma imiosata {C. S. 1607 and ^ 

V. ) 

(4) Diatrm. sp. (0. B. 1610). (Plate VI) 

In addition to these we have now discriminate^^ 

(5) ? Diatma sp. in sugarcane at Dacca 1674). 

(Plate VII.) 

(6) Rice Chilo in rice at Pusa (C. 8. (Plntc 

VIII.) 

(7) ? Chilo sp. in rice (C. S. 1768). 

(8) V Chilo sp. m Samharmn P’’ 

1769). ' 

(9) ? Chilo sj). ill Saecharum jumum (0. 

(10) ? Anera^tia- ohlutolla in sugarcane (I*- 

(Phde IX.) 

Of these, the hrsi, sixocmir in large', niimhers, whdd' the Iasi 
four liave only been found in very smairiuimlici'.^- tliese 
ten, three (C. 8. 1 768, 1 709 and 1795) have ns yrt bed' 1 ■ 

ciently studied, but the other seven species may b^"'' separated 
in their larval and pupal stages by means of tbe lolhnviiig 
dichotomic keys, and figures are added tf) enable the 
distinctions to be grasped more readily. 

Key to larval forms' of Borers. 

1. Spiraoles round . . . . (C. 8. 18t)l ) 

Spiracles oval . .■ . . . a 

Witli in id-dorsal stripe; spiracles open 3 




EXPLANATION Of PLATE III. 

F%. 1. (Hiih) ainiplex {0. S. 1580). 

a, lateral, and, h, dorsal view ot larva, x f). v 

a details of on fifth soKinont, morn highly mnf.^nif,od. 

d] details of first inolc-, seen frotn 1..-hnv, more, highly magmflod. 
(Note .-Anterior hair on right side of anal plate was absoivt in ll.is spe. 


Fig. 2. Chilo d'lnfil.ecu (C. 8. 1501), 

a, Pupa, xf>. 1.11 , 

h postermr segments of pupa,, lateral view, more higlUy ruagnihed. 
c, Anal segment of jiupa, ventral surface, more highly jrmgviifi<-d, 



BXPLANATIOK OF PLATE T, 

Fig. 1. DiatrcEa venosata (C. S. 1635). 

a, lateral, and, b, dorsal '(j'iew of larva, x4. 

0 , details of spiracle of fifth segment, more highly magnified. 

d, details of first proleg, seen from below, more highly magnified. 

Fig. 3. Diatfcea venomta (C. S. 1607). 

e, Pupa, x5. 

b, Posterior segments of pupa, lateral view, more highly magnified. 

c, Anal segment of pupa, ventral surface, more highly magnified. 




EXPLANATION OF PLATE VI. 

Fig. 1. Diatrma sp. (C. S. 1610), 

a, lateral, h, dorsal, and, c, ventral view of larva, x4. 

d, details of spiracle on fifth segment, more highly magnified. 

e, details of proleg, seen from below, more highly magnified. 

Fig. 2. DiatriBa sp. (C. S. 1610). 


a, , Pupa, x4. 

b, Posterior segments of pupa, seen laterally, more highly magnified. 

c, Anal segment of pupa, ventral surface, more highly magnified. 







BXJ^LANATIOK OF FLATS VII. 

Fig. 1. ? Diatrma s^. in sugarcane at Dacca (C. S. 1674). 

a, lateral, and, b, dorsal view of larva, x4. 

c, details of spiracle on fifth segment, more highly magnified, 

d, details of first proleg, seen from below, more highly magnified. 


Fig. 2. ? Diatroea sp. in sugarcane at Dacca (C. S. 1674). 

c, Pupa, x6. 

b, Posterior segments of pupa, seen laterally, more highly magnified. 

6, Anal segment of pupa, ventral surface, more highly magnified. 







EXPLANATION OF PLATE YIII. 

Pig. 1. Bice Chilo in rice at Pusa (C. S. 1677). 

a, lateral, and, h, dorsal view of larva, x5. 

a, details of spiracle on fifth segment, more highly magnified. 

d, details of first proleg, seen from below, more highly magnified, 

Fig. 2. Bice Chile in rice at Pnsa (C. S. 1677). 


a, Pnpa, xB. 

b, Posterior segments of piipa, seen laterally, more highly magnified. 
e, Anal segment of pupa, ventral sxjrface, more highly magnified. 









PLATE IX. 



'! Anepastia. ahhitella in sugarcane (C. S. 1801). 
a, Larva, x 5. 
h, Pupa, X 5. 
e, Imago, x 5. 

The smaller figures show the natural sizes. 
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Witlioiit mid-dorsal stripe ; spiracles 
open or closed. 

■3. Hooklets on prol;egs forming a com- 
plete circle. 

Hooklets on prolegs forming a lialf - 
circle only. 

4. Hooklets practicaUy equal in size 

Hooklets on internal edge of sole lai'gest 

and gradually diminishing in' size 
externally. 

5. Spiracles open with a clear space 

inside). 

Spiracles closed without a clear 

space inside) . 

0. Ppiracles with a slit along their major 
axis. Hooklets on prolegs forming 
a complete circle and all of equal 
size. 

SpiraclcwS with an oval-shaped conca- 
vity whose major axis coincides 
with that of s})iracle. Hooklets 
on 2 n’olegs in a more or less com- 
plete eij'ole but becoming shorter 
externally. A sju^t in middle of 
sole of 2 >i'<^>l 6 gs usually present. 
Hsualiy with, shiny large darlc- 
hrown warts (absent in hibernat- 
ing larva?.). 


5 

4 

(0. S. 1560, 1574) 

(C. S. 1674) 

{C. S. 1077] 

(C. S. 1610) 

6 , 

(C. S, 1561, 1580) 

(C. S. 1607, 16S5) 


Key to yuyal forms of Borers. 

1. Lbipa witliout any cliiiinous inotube- (C. S. 1801) 

ranees on anal segment. 

Pupa with cbiiinons protuberances on 2 
anal segment. 

2. Piipa witboiit ridges or hooks on Tib (C. S. 1677) 

abdominal segment. 

Pupa with such . ... 3 

3. With complete circle of ridges, hooks, 4 

or roughness on 7th abdominal seg- 
ment. 

With incomplete circle as above » 5 

4. Circle composed of distinct and sepa“(C, S. 161)) 

rate spinous hooks. 


G S 
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Oncle composed of joined ridges . 

5. Incomplete circle of distinct hooks 
Incomplete circle of roughness /without 

hooks. 

6. Tenth abdominal (anal) segment with 

stout spines on ventral surface in 
addition to two pairs of spines on 
dorsal surface. 

Tenth abdominal (anal) segment with- 
out spines on ventral surface. 


(C. S. ISfiO, 1674) 
(C. S. 1074) 

6 

(C. a. 1501, 1580) 


(C. S. 1607, 1685) 


Chilo simfleos (C. S. 1561, 1580), DidtrcBa miricilia (C. 
S. 1560, 1574), D. venosata (C. S. 1607, 1635) and the Eice 
Chilo (C. S. 1677) have been observed to hibernate in the 
larval stage. 

Not much is known about C. S. 1610 and C. S. 1674, two 
species found in cane at Dacca; of the former a single speci- 
men was also reared from a rice stem sent from the Karim- 
ganj Subdivision in Sylhet, and a single example of the 
latter has recently been found in rice at Pusa. Both these 
species were found to be injuriously prevalent in sugarcane 
at Dacca in July 1917, whilst the ordinary cane-borers 
found in other parts of India were not found at Dacca. 
Sugarcane in Sylhet seems to be remarkably free from 
borers, and the Entomological Assistant in Assam reports 
that borers give little trouble in cane in. that Province. It 
is therefore the more curious that C. S. 1610, which is 
present in Sylhet and injurious to cane at Dacca, does not 
damage cane in Sylhet; and similarly that C. S. 1674, which 
was also injurious to cane at Dacca, has not yet been found 
at all in cane at Pusa, although it occurs in rice in this 
district. Extensive fieldwork, combined with a thoroiigli 
study of the different species of borers, will doubtless thrown 
more light on these and similar problems. Meanwhile it 
may be suggested tha t the damage done to cane or any other 
similar crop by any particular borer may be connected -with 
the presence or absence in the district of particular alter- 
native foodplants which are preferred. 

A good deal of work has been done during the year on 
borers and other insects occurring in the several species of! 
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wild Bacchamm and other grasses occurring in the neigh- 
bourhood of Pusa. Besides Biatrmamnosata, 1). aurlcilia, 
Sesamia inferens and S. uniformis, which are also found 
in sugarcane, nine other borers not yet known to occur in 
cane have been found in these wild grasses. Of these one 
is a Curculionid grub, another a Lamiad grub, and the 
remainder are lepidopterous larvsej these including Scirpo- 
'phaga sp., and Papua sp., a Zeuzerid and a Noctuid. This 
last has since been found to occur in sugarcane at Muniii, 
Muzaharpur District, and all of these insects may be looked 
on as potential pests of cane. Almost all of the root- 
feeders mentioned under cane have also been found to occur 
amongst the roots of these wild grasses. 

Besides borers, the insects, mostly coleopterous larvae, 
found underground amongst the roots of sugarcane, were 
under observation during the year, the following being 
noticed ; — 

(1) Anomala be7igal6'risis. 

(2) Anomala biharensis (Pl'dte X). 

(3) Adoretus caliginosus (Plate XI). 

(4) Autoserica (Plate XII, fig. 1). 

(5) Myllocerus discolor. 

(6) Myllocerus blandus. 

(7) Monolepta signata (PlsilQ 

(8) Formicomus sp. 

(9) Pachnephorus sp. 

(10) Alissonotum piceum. 

(11) Alissonotum simile. 

(12) Apogonia sp. 

(13) An unidentified Cfirysomelid. 

Besides the above, one Chrysomeiid grub and two kinds of 
weevil grubs were found but could not be reared out. 

Of these insects, the grubs oi Ano^nala beiigalensis were 
observed both at Pusa and Dacca to gnaw into the basal 
parts of new shoots from the side, thus causing a “ dead- 
heart;” in this way they were causing a small amount of 
damage. In the case of the other insects, no appreciable 
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idea could be formed of the part they were playing, but they 
appear to be of very minor importance as pests. 

Records of observations on the pests of sugarcane a,L 
Pusa were given in last year s Report. Tliese observations 
were continued during this year although it has not been 
possible to keep such close observation on the different 
varieties oJ' cane as was done last year. , The period of 
injurious activity of the borers in cane extended fronr 
March to August, when the total damage due to insects and 
i'lingi amounted to about 35-5 per cent., due to the following 
causes : — 


Timgal diiseases 

31'8 per cent. 

Vapui deijrcii sella. ..... 

8-3 

Diuh'aia aurioilia tvitli a iew LK L’enosalu . 

3-T 

SciTiiophatja Miuiliotjastrcitta 

I'O 

Termites 

0-8 


At this time there was a distinct dili'erence between the 
canes which would go to make up the harvest and those which 
were retarded in growth by pests and diseases. The mon- 
soon rains had stimulated the growth of tlie former anti 
they were growing vigorously, while the latter remained 
stunted and ultimately died, and, although new shoots and 
lateral branches were appearing, these would not add mate- 
rially to the harvested result. The activity of the borers 
after August was mostly confined to these stunted canes 
and new shoots. 

As mentioned in last year’s Report, the plot of Ihirple 
ftlauritiiis sugarcane had all “ dead-hearts ” and dry plants 
systematically removed together with the insects found in 
them. As this is the treatment usually recommended 
against borers in cane, the results obtained in this plot and 
in the other plots of thick canes which were left untreated 
and undisturbed seem interesting and appear to show the 
uselessness of the cutting-out treatment. The percentage of 
uon-stunted, harvestable ca,nes actually harvested to the 
num]3er of setts planted may be taken as a standard of cojio 
pa,risou/''- us this shows the miinber of canes wliich surviveil 

The actual outturn of sugar would be the most satisfaotory ooraiuirison bctwoi'ii 
the various jiJofcs, but this cannot be adopted at Pusa because sugar is not made here. 
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PLATE XI 



AdoretusceaJiginosus (C. S. 1793). 

a, Larva, natural size and magnified x 5. 

b, details of posterior portion of larva, magnified, 
e. Puoa. natural size and magnified. 



EXPLANATION OE PLATE XII. 
Eig. 1. Autoserica sp. (0. S. 1654), 

a, Larva, natural size and magnified (x8). 

b, details of posterior portion of larva, magnified. 

0 , Pupa, natural size and magnified (x8). 

d, Imago, „ H >• >• >t 

Fig. 2. Monolepta signata (0, S. 1632). 

a, Iiarva, natural size and magnified (x8). 

b, Pupa, „ „ ,, „ „ 
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and outgrew the attack of pests and diseases. This per- 
(jentage in the case of the different thick varieties enume- 
rated in last year’s Report was : — 

Purple Mauri tills (treated) . . . . 82 per cent. 

Satlii No. 131 (untreated) . . . . 167 ,, 

Siitlii No. 15 (untreated) . . . 161 ,, 

Kaludai Budlian (untreated) , . . 101 

D. 99 American (untreated) , . . . 129 ,, 

From the half-acre under Purple Mailritius, 14,277 affected 
s!. loots haii been cut out, whilst the other plots ivere left 
undisturbed. The harvested canes in the case of these other 
jilots therefore contained an unknown quantity of canes 
which, though classed as non-stunted and harvestable, had 
been presumably bored more or less, and the outturn of 
sugar from such bored canes would be poorer in quality 
and quantity than from unbored canes. The above percent- 
ages therefore fail to give an exact estimation of borer dam- 
age. It was unfortunate that no check j)lot oj Purple Mauri- 
tius was available last year for observation and comparison 
oi: results, but in February, 1918, two half -acre plots of Sathi 
No. 131 were planted, one for treatment by cutting out and 
removing plants and shoots which were dry or showed 
'' dead-heart ” together with the insects found in them, and 
the other to be left untreated as a check. These two plots 
are practically similar as regards soil, are not contiguous 
(having a crop of indigo separating them), and are situated 
at a considerable distance from the main sugarcane crop of 
the Farm. The results so far obtained (up to July, 1918) go 
far to corroborate those obtained in the Purple Mauritius 
plot and to show that the cutting-out treatment retards the 
proper growth of the canes to a great extent. 

Tie foregoing trials have been made with thick canes 
because these are more liable to borer attack, the thin 
varieties being damaged to a much smaller extent. With 
one exception the yield of canes in the seventeen thin 
varieties ranged from 122 to 746 per cent, of setts p>hinted. 

The two ex|)erimental plots of Sathi No. 131 referred 
to above are situated in a piece of land which was brought 
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under cultiyation five or six years ago. It was previously 
a piece of waste land overgrown with Sacchamm span- 
tanenm and Imperata anindinacea, and it is even now 
bordered by similar waste lands. Sugarcane grown on this 
land has brought GryilotaJpa a f?%cana ^rommently into 
notice as a pest of young cane. This insect was the first to 
attack the young crop and in April and May in the treated 
plot as many as 15 per cent, of the plants were dama,ged. 
by it. 

In last year’s Report mention was made of the suit- 
ability of Lead Arsenate solution as a dip for the protec- 
tion of cane setts against termites. This year it was tried 
in the half-acre treated plot of Satin No. 131, a strength of 
1 lb. of Lead Arsenate in two gallons of cold water being 
used. The planting was done in the third week of February, 
and germination was good in both the treated and untreated 
plots. In April and May new shoots as well as the setts 
themselves were damaged by termites in both the plots, and 
those dipped in the Lead Arsenate solution had no advant- 
age over those left untreated- "The liability of cane to 
damage by termites seems to depend largely on the nature 
of the soil in which it is grown. Generally s|)eaking, the 
crop suffers much less when grown in clayey soils than in 
sandy soils. In soils which are liable to be infested by ter- 
mites, no single treatment of the setts can render them per- 
manently immune from attack nor can it save the shdots; 
whilst in other soils little or no damage is done by termites 
even when no treatment is adopted, and the amount of 
damage done does not always seem dependent merely on the 
presence of the insect concerned. 

Indigo. In April, 1918, an investigation was com- 
menced of the parasitization of the Indigo Psylla (A rytaina 
isitis). This study is only in its initial stages and only 
four months’ figures are available, but three species of 
Chalcldidie have been obtained and of these one species is 
very common. The amount of parasitization was smaJlat 
the beginning of April, but began, to increase in the l:)egin- 
ning of May and reached its highest (about 30 per cent.) at 
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the end of that month, began to decline again in the third 
week of June and reached its lowest at the end of July. 

Mulberry. The “ Tukra ” disease of mulberry, result- 
ing in curling and malformation of the shoots and new 
leaves, has been known for a long time in Bengal, where it is 
sometimes bad, and a few affected plants have lately been 
found at Pusa also. An investigation of the cause of this 
disease was carried out during the year, and it was found 
by experiment that the curling and subsequent inalforma- 
tion of the shoots was due to the presence of a mealy-bug 
(Pseadococcus), and that, although two species of Psevdo- 
cocc'iis are to be met with on mulberry, it is only one of these 
(as yet unidentified) which causes tukra. This mealy-bug 
becomes active at Pusa at the beginning of March and passes 
through a complete life-cycle in 24 days. The generations, 
however, overlap one another, and it is not infrequent to find 
nymphs, gravid female^j and pupae or adult males on one and 
the same plant. The mature nymphs as well as the females 
are parasitized by three species of Chalcididae, one of which 
keeps down the number of nymphs and females to a large 
extent. A Cecidomyiad fly { \ Coccodiplosis sp.) larva has 
been found to attack the eggs, the fly maggots being found 
chiefly in the ovisacs of the mealy-bug and having been 
observed to suck the eggs dry. The iarv8e of a Coccinellid 
beetle also attack the nymphs and females of this 
PseudocOGCus. 

As regards treatment of tukra, it was found that the 
practice of removing the affected shoots and burying or 
burning them was not effective by itself, as the nymphs hide 
themselves in the crevices of the unexpanded leaf -buds on 
the plants, and, as soon as these leaves expand, they in their 
turn become affected and the disease is continued. Eemoval 
of the affected shoots followed by thorough spraying with 
Fishoil-resin soap will probably prove more effective. 

Fruit Flies. Over five thousand pupae of the Peach 
Ifruitfly were collected at Pusa in May, 1918, and kept under 
observation to see whether any would lie over until the 
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following year and to rear out any i)a,raHites. No \m\ni lay 
over and no pa, ra, sites wei’e reared. 

Fruit Pests. Special attention was paid (hiring ihn 
year to the ])ests of Citn/s spp., jnk {A rtocarpH;^ itihujri 
'folia), apple, pear, peacln nectarino, grape, guava, eiisiard - 
apple and plantain. A large amount of in i'orniatinti on 
Indian Fruit-pests has now been aceumuia,tt*d, .and it is 
hoped to write this ig) when oi)portiiniiy a.dmits. 'rha. 
Gracilariad found on apple in Nortli-WesI, India, and 
Assam has been identified as (hmnUariti z<fchiijf^a, Meyr. 

Life-histories of Insects, in tlu; Inscctary, besidc's 
the rearing of the various borers a.ud lootioeders of earn' 
and rice already mentioned and wliicb (‘ons(,i(iit(Ml about 
100 lots, some 200 other lots of insects \vei‘(‘ reatuMl and 
observations made on their life-histories and Iiabits. 
Amongst these at least live new pests ha.vo tMane to light, 
mz , : — ' 

(1) An unideiitilied Longicorn l)orer, G, K. 10 to 
{INujmrha sp.) (Plate XIV, tig. 1), found in. stems of 
Vigna catjemg in August. It bores in, Uie main stem aiul 
may attack the young plants. The bored stem swells to 
some extent, and, although ii.i the majority of' eases the 
plants are not killed, they are stunted and bea,r no fruit. 

(2) A caterpillar found boring into young coconut 
fruits in the bunch on the tree and causing the young fruits 
to drop off. An accumulation of frass webbed up witli si Ik 
indicates the presence of the borer. This insect is 
apparently an undescribeci species of Tirathaba (Pyralidm) 
(Plate hg. 2). It is interesting to note that Tirathaba 
trichogramma, .Meyr., is also known to atfeick young 
coconut fruits in Fiji,^ but this type of damage has never 
been noticed before in India so far as we are aware. 

(3) Galandm stigmaticollis (Plate XV, fig, 1) is reported 
to kill large coconut trees in Eatnagiri by boring into the 
stem in which it breeds in large numbers. This is an 
interesting confirmation, of a fornun* record of this weevil 
attacking coco.i..iut in Malabar. In confinement it lias bueii 

^ NovitaUs l^oolvtjictc, XXJLV, 82. 




EXPLANATION OE PLATE XIY. 

Pig. 1. Longicorn boring Yigna catjang stem (C. S. 1645). 

a, Stem of Yigna catjang attacked by larva. 
h, Larva, natural ske and magnified (x4). 
e, Fupa, ,, „ „ „ „ 

d, Imago, „ ,, „ „ ,, 


Pig. 2. Tirathaba n. gp. 

a, Young coconut fruit attacked by larva, ahowing frasa ejected, 
fc, Ijarva, natural size and magnified (x3). 
c. Pupa, ,, „ ,, „ 
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BXI>LAHAT10N OF PLATE XY. , , 

Eig. 1. Calandm stignudicolUs (C. S. 1752). . 

a, Portion of attacked coconut stem, showing larval galleries and larvje in 

situ. 

h, Larva, natural size and magjiified (xll), - 
0, Pupa, ,, ,, ,, „ „ 

d, .Imago, . „ „ „ ,, ,, 

Fig. 2. Longicorn beetle boring oraiig*e shoots (0. S. 1766). : 

Larva, natural size and enlarged (x 5 ). 

b, Pupa, ,, „ ,, u „ 

0, Imago, „ j. ,, ,, ,j 
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found that it is possible to rear this insect on sugarcane 
stems also. 

(4) An unidentified Longicorn (Plate XV, fig. 2) was 
found boring and killing orange shoots in Sjdhet. The 
grubs bore into the new shoots which appear in spring and 
cause them to wither. 

(5) Eurytomine wasp in Sesbania pods, A small Eury- 
tomine Chalcidid wms observed to infest Sesbania pods at 
Pusa in September, 1917 , and was kept under observation 
tliroughout the year. The eggs are laid in the green pods, 
the larvae feeding on the seeds, almost all of which are 
destroyed. Pods infected when young do not develop any 
seed but shrivel up ; in older pods the seeds are rendered 
useless, their contents being consumed. At the end of the 
season the damage in a small experimental plot amounted 
to about 90 per cent. Various remedial measures, such as 
deterrent spraying, were tried, but picking off the dry pods 
at . frequent intervals gave the best results. 

Investigations into the life-histories and habits of pests 
and other insects were continued. Brief accounts of the 
observations on the pests of sugarcane, rice and other main 
crops are given above under those crops. The more 
important points noted with regard to some of the other 
insects under rearing during the year are noted below ; — 

(6) Amsacta moorei sam. Hibernating pupae were 
received from Dohad in May, 1917 . In the Insectary at 
Pusa moths emerged from these up to 24tli June, 1917. 
Eggs were obtained and a cycle observed; this took a full 
year, the pupal period extending from July, 1917 , to June, 
1918. This Gujarat form seems to be biologically distinct 
from the typical South Indian form moorei, but I have 
been unable to detect any morphological differences. 

(7) Eu(jmmftus margmatus {P\diiQ'XNl, fig. 1). The 
salient })oints in the life-history were given in last year’s 
Report. A point determined by subsequent observation, is 
that the grubs sometimes remain underground in a resting 
condition for more than a yeari 
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(8) Agrotis fpsilon. In a previous R'eporfc an act'ount 
was given of the rearing of this insect un.dcr a,rtilicial 
conditions throughout the hot weather; successive brootls 
were then obtained up to August, when the eggs failed to 
liatch. During the current year full-grown caterpillars 
were observed on 3rd September, 1917, feeding in an experi- 
mental plot of tobacco on the Farm., Eggs must have been 
laid in this tobacco plot during the first half of August. 
This insect is therefore capable of breeding in the Plains 
during the Rains, though whether the parents of these 
larvae had bred in the Plains or were early migrants from 
the Hills remains uncertain. 

(9) Azygophleps scalaris This year 

caterpillars were found here for the first time boring 
Seshania stems. The moths appear in May, there being 
only one generation in the year, aestivation and hibernation 
taking place in the larval state. 

(10) Agromyza sp. About fifteen acres of pea {Pisum 
armnse) grown alone and about seventeen acres grown 
intermixed with other crops were under observation during 
the Pea Stem-fly season. In both the plots about 0-4 to 
0*5 per cent, of the pea plants were found drying up with 
external symptoms of Stem-fly attack, but closer examina- 
tion showed that only about 8 per cent, of the drying phxnts 
were affected with the fly and that the loss of the remainder 
was not due to insect attack. 

(11) Ancylolomici chrysogmphella. Prom further 
observations it seems evident that this is not usually a 
pest of rice around Pusa. A search over large areas 
revealed only a single larva in a dry seed-bed. 

{12) Cryptorrhynchus grams. This weevil causes serious 
damage to mango fruits in Eastern Bengal and Assam, 
the fruits being bored by the grub and rendered valueless. 
The damage done is very great, so much so that it is often 
difficult to find fruits which are unattacked. Tliis pest 
was investigated at Dacca at the end of July, 1917, when 
more than three dozen adult weevils were found on a, si ogle 
mango tree, hiding amongst the roots of an epiphyte. 





explanation op plate XVI. 

lig:- 1 . Eugnawftus marginatua ( G . S. 1457) 

0 , Pupa, ,, n ■ \.Ao;. 

d , Imago, ” »» 
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Further observations were made in June, 1918, in Sylhet, 
where isolated mango trees growing wild in the jungle as 
well as those cultivated in rather isolated portions and 
having hardly any epiphytes growing on them were found 
to be equally infected. In confinement at Pusa the adult 
weevils did not live beyond September, but it seems likely 
that in Bengal and Assam it may pass the winter as an 
adult. This pest requires close observation for a full year 
under field conditions to enable remedial measures to be 
suggested. 

(13) The Longicorn borer (? Oberea sp.) in stems of 
Phnseolvf! aconitifolivs, mentioned in last year’s Report, 
has been observed to rest for twm years in the larval state. 

(14) Odoniotermes Colonies were again 

established in tile nests from eggs laid by winged imagines, 
but we have been unable to carry them on beyond October, 
by which time the first-hatched eggs have become adult 
soldiers and workers. 

(15) MicvoUfmes obesi. After several failures in 
former years, colonies have this year been' established in 
artificial nests. Eggs have been obtained from winged 
imagines and are hatching out at the time of writing this 
Report. 

(16) The following insects have been observed to have 
only one generation in the year, viz., Anomala bengalensis, 
A. biharensis, Adoretus caliginosus, Cry'ptoceflialus seoc- 
signatns, an unidentified Lamiad borer in Sacohamm sp., 
and three unidentified lepidopterous borers in Sacchanm 
spp. 

(17) Cosm^ofteryx flimogastra. This was referred to 
in last year’s Report under the name C. mmiifiilaris^ but 
has since been differentiated and described by Mr. Meyrick 
in the Entomologists' Monthly Magazine. Larvae mining 
bean leaves were collected in November, 1916, and w^ere 
apparently resting at that time ; they continued to rest and 
emerged in July, 1917. 

(18) Stiotaspis ceratitina. The maggots of this Fruit- 
fly were found in large numbers in July and August in new 
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haniboo slinols Avh;k;h were dying. Experiments inider- 
iakeo lo nsiiertain wlu^tficr this fly was tfic direct cause of 
the death (»l‘ the sh(>()ts were .iuc(>ntdusiv^.. 

(19) A ygyvofiloen faragi^imwa (Pln.to XVIJ, lig. 1). 
The lai’vai of this Eucosmid motJi were found to be very 
eommfin at Ibisa in July, boi’ing into now liarnboo shoots. 
Generally a. great .many eaterpi.i,lars were 1‘oniul in the sam<^ 
shoot boring the stem, completely hidden undgr the protec- 
tion of the leaf-sheaths. They seemed to be responsible for 
the death of a fair percentage of new shoots. 

(20) NodoFtOfiifi ^ivhcosfritum (Plate X.VIT, fig. 2). This 
niirysomolid ht'cllo ha.d been known liitborto as a, pesl: of 
])lantain, nil.hl.ing the leaves an<l fruits. Tn Octohm-, 1917, 
it was observed to niblde the surfaces of young grape-vine 
leaves to such an extemt as to kill the young leaves. TIh‘ 
larvae were found underground amongst ^grass-roots in 
July. 

(21) Balanimis c-(dhum, (Plate XVITT, fig. 1). This 
weevil had been reared before from -seeds of Eugmda jam-^ 
holawf, blit little was known about it. This year observa- 
tions were made to determine its real connection with the 
fruits. It lias only one generation in the year. Tlie adult 
weevils emerge in May and June, and feed, on young green 
fruits by puncturing them with their snouts. The piinc 
tured fruits grow and ripen but the piiuctiuntl spots on 
them do not grow ami a])pear later on as so many pits in tin' 
ripe fruits; this is why the majority of ri):)o fruits are 
deformed in shape. The eggs are deposited in the fruits 
whilst the latter arc still on the tree. The weevils appear 
in enormous numbers and lyy the timi‘ the fruits are rijie 
practically every seed harbours a grub. Later on, the grubs, 
when full-grown, leave the seeds and go into the ground 
and rest there until the next season. The obvious remedy 
is thorough destruction of the seeds. 

(22) A white Mite occurrecl on the tender leaves of jute 
in the experimental plots of the ■ Imperial Mycologisl. 
The mites fed on the nnder-snrfaces of the leaves which had 
a lacerated brownish appearance and were somewhat 





EXPLANATIOK OE PLATE XYII. 

Fig, 1. Argyro'ploce pamgramma (C. S. 1631). 

' V:/;':, V ' ■, {. ' 

a, Bamboo shoot with outt^r shnixthuii^ Icavos venvoved, allowing bore-hole of 
v: larva. ■ 

b, Barva, natural size and inagnified ( x 6). 

Oj Pupa, „ „ „ u » 

d, Imago, „ „ „ „ „ 


Fig. 2. Nodosfoma snbcostatum (C. S. 1719), 


a, Grape-vine leaf eaten by beetles. 

b, Beetle, natural size and magnified. 



.EXPLANATION OF PLATE 
Eig. L Balaninus c-alhum, 

«, Immature fhiits of ^Eugenia jamholana with adult beetles puncturing 
them (natural size). 

b, Mature fruit of Eugenia jambolana, showing distortion and pits caused 

by punctures of B, c-allmni (natural size). 

c, Eugenia jambolana fruit cut open, showing larva of B. e-albuin feeding 

inside the seed (natural size), 

d, Larva, natural size and magnified ( x 7), 

6, Imago, magnified. (The natural size is shown in a.) 


Fig. 2, BeUonnta pramia (C. S. 1720). 

a, Larva, natural size and magnified ( x 2^). 

b, Pupa, ventral view, natural size and magnified (x2^), 

c, Pupa, dorsal view, magnified (x2J). 

d, Imago» natural size and magnified ( x 2|-). 





EXPLAJSTATIOjS^ OE plate XIX. 

Fig. 1. Alcides frenatus (C. S. 1672). 

Larva, natural size and magnified ( x 5). ^ 

b. Pupa, ,, »j >» ' »i »i 

0 , Imago, magnified ( x 5)- 
il, Mango shoot bored by larva, natural size, 
e, Imago puncturing mango shoot, natural size. 

/, Punctures made by adult weevil for feeding and egg-laying. 
g, Hole of exit of adult weevil from mango shoot. 

Fig. 2. Gimim sceptioa (C S. 1659). 

n, Larva, natural size and magnified ( x 5). 

b, Cocoon, ,, „ „ j, 

c, Pupa, ,, ,, ,, „ „ 
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crumpled loiigitiidinaily. Unlike Red Spider, there was 
no webbing. A single spraying with a spray composed of 
1 lb. oleiie soap and six ounces of flowers of sulphur in 12 
gallons of water proved effective. 

(23) A species , of Tingidid bug was noted to cause 
severe damage to Bela {Jasmimm samhac) leaves at 
Bankura. Spraying with simple soap solution was 
effective. 

(24) Gl^phofl^s caesaUs was observed to attack practic- 
ally every fruit of jak throughout Sylhet, even large fruits 
not being immune. This insect is known as a jak-pest in 
SouBiern India, but has not been noted before as a jiest 
north of the Madras Presidency. 

(25) Belionota imsina (Plate XVIII, flg. 2). At Surat 
a dead mango tree was found to be full of the larvae of this 
Bupresticl beetle, and the death of the tree had apparently 
been caused by them. The larvae were in various stages of 
growth and apparently represented more than one brood. 
The adult beetles began to emerge at Pusa in October, 1917, 
and continued to do so until April, 1918. 

(26) Alcides frenatus (Plate XIX, fig. 1). This weevil 
was observed at Dacca in July as a pest of mango. Eggs 
are deposited in the shoots which a..re tunnelled by the grub, 
whose pellets of excrement are thrown out tlirough small 
lioles gnawed in the sides of the timnel. Pupation takes 
place inside the burrow, the adult weevil gna^ving its way 
out through a large hole of exit. The adult weevils are 
found pairing and ovipositing freely on tlie .shoots. 

(27) Chlumetia tmnsversa. The larvae have l>een found 
a.t Pusa tunrielling fresh mango shoots in a way very 
similar to that of Alcides frenatus, the frass being ejecte-d 
exactly in the same manner. 

(28) Gianra sceftica (Plate XIX, fig. 2). The larvae of 
this moth were found in large; numbers at Pusa in August 
rolling the tender leaves of velvet bean. 

(29) Severe damage was observed to be caused to a crop 

oi {Phnseolus at Pusa in. August by the 
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following, CatocJirysops cnejus, Anarsia ephipjrias, 
Euoosma melanaula and EuUemma hemirhoda (Pla te XX). 
A. ephif'pias and E. melanaula commenced the attack h\- 
rolling and damaging the tender top-leaves, and, when t!io 
crop began to flower, all four appeared and damaged the, 
flow'ers. They continued their injurious activities -when 
the pods formed, all the four boring into the pods and 
eating the seeds. Eucosma melanaula was also observed to 
cause similar damage to the flowers and pods of Pkaseolus 
aoonitifolms and also to damage the tender top-leaves of an 
experimental crop of Florida Beggar Weed. 

(30) Quite appreciable damage was done, in August to 
the new tender leaves of litchi by Acroceroops Mewcosma, 
whose larvae mined them, and by Argyroploce leueaspis, 
Avhose caterpillars rolled and nibbled them. The latter 
especially was very common, 

G-rain Storage Experiments, The storage experi- 
ments undertaken three years ago were concluded and an 
account of them wdll be written up. The method of storage 
under a layer of sand gave the best results, the grains and 
pulses remaining perfectly safe and in good condition. 
The straw granaries mentioned in last year's Report did 
not give as good results as had been expected. 

The status of TriboUum castaneum was definitely deter- 
mined, during the year. It is essentially a pest of ground 
wheat (flour, atta and suji) and does great damage to these 
products, especially during the Rains, by imparting to them 
a characteristic nauseous smell and taste, which lowers 
their value as food and consequently also the price of 
infected material; in cases of bad infection, indeed, the 
flour may be quite uneatable. In order to determine its 
capacity for injury to sound wheat, i.e,^ whole grains 
unaffected by Calandra oryzce or Rhizopertlia dominica, 
several thousand adults of TriboUum castaneum were con- 
fined in an earthen vessel with a quantity of wheat which, 
at the end of a year, was found to have been hardly 
damaged, although breeding on a small scale had taken 
place, as was evident from a few cast larval skins. Tliis 




Euhlemma hemirhoda (C. S. 1649). 

a, Larva, natural size and magnified ( >: 5). 
h, Pupa, ,, „ ,, ,, „ 

e, details of anal extremity of pupa, posterior view. 

d, Imago, resting position, natural size and magnified ( x 5). 

e, Imago, natural size and magnified (x 5). 
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observation was also corroborated by the fact that the wheat 
obtained last year for storage experiments contained 
Triholium when stored ; but, in the samples which were 
unaffected by Calandra and Rhizopertha, no damage was 
done by Triholium, whereas, in samples which were affected 
by Calandra and Rhizopertha, these two pests first produced 
wheat dust in which Triholium could breed and it was only 
in these samples that Triholium bred profusely. 

For the first time, at least in the Pusa area, Bruchus 
chinensis and another unidentified^ species of Bruchus were 
observed to breed in the fields in pods of cowpea [Vigna 
catjang), but only a few could be found after a good deal of 
search. Whilst Bruchus chinensis is thus shown to be 
capable of breeding in the field, it is essentially a pest of 
stored pulse, to which it causes serious damage. 

Another unidentified^ species of Bruchus was observed 
breeding in Sesbania pods in the field, and was kept under 
observation both in the Insectary and in the field. • The 
beetles did not breed in the stored seeds and the emergence 
of the adults extended over a long period from February to 
June. 

In last year’s Report mention was made of an experi- 
ment to find out the effect of sunning pea {Pisum arvense) 
seeds affected by Bruchus affinis. Twenty-six pounds of 
pea seeds were taken from a crop harvested from a field 
known to be affected. Half of these were dried in the sun 
for seven days, when their weight was reduced to 12 lb. 
9^ oz. ; the other half was kept as a check. After a period 
of a year, in the sunned sample the damage was one-third 
of that in the untreated sample. Thus, although damage 
was not entirely prevented, it was checked to a very large 
extent. 

Insecticides. Incosopol, a contact insecticide manu- 
factured by the Indian Cotton Seed Oil Company, Navsari, 
was tested on Aphids, Scale-insects and Mealy-bugs, and 

^ A collection of the various Bruchid beetles reared from pulses was sent out 
during the year for identification but the names had not been received at the time of 
writing this Beport, 
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ill every ease gave sa.iisfaetory results. Two gravies were 
tcHkxl, of which that known as No. 2 gave innch better 
results than did No. 1. Kesin Compound, Tishoii'-Besin 
Soap, and Iiicosopol No. 2 seem all about equally effective 
insecticidcB against Aphids, Aleyrodids, Scale-insects and 
Mealy-bugs, which arc common garden, pests; Fishoil-Rosin 
Sba]i and Incosopol No. 2 can be safely recommended as 
they cause no injury even to tender foliage. 

Against the common house Cockroach {P erij^laneta 
americana) infesting a godown trials were made of a 
mixture of Boracic Acid in honey. In an experiment in 
the Insectary adults as well as nymphs fed greedily on this 
mixture; after the second day they began to pass Jiquid 
excreta and the nymphs died off in the course of five days ; 
the adults, however, resisted longer, not dying even on the 
eighth day, but by that time they were certainly very sick, 
unable to walk and. lying on their backs. Boracic Acid, 
though elective, is therefore a very slow poison to these 
insects. In a house they may be trapped in numbers in 
an open-mouthed kerosine tin in which is placed a quantity 
of weak solution of gur (molasses) in water; the adults are 
attracted and drop into the gur solution and appear unable 
to escape. 

Protection of wood against Termites. Simple 
experiments in the protection of wood against Termites 
(so-called “ White Ants ”) have been in progress since 1910, 
the termite utilized being Microtermes obesi. The name 
of the species concerned is given here beca,use different 
species of termites have different habits and tastes, facts 
which are usually overlooked in carrying out similar experi- 
ments. Some kinds of timber may be more or less immuae 
to attack by the local termites in one district, yet the same 
kinds of timber may be greedily attacked by other species 
of termites in another district. Our experiments have 
show.ii also that any particular method of treatment does 
not produce the same deterrent efect in all varieties of 
wood. The deterrent effect depends on (1) the treatment 
^xnployed, (2) the variety of wood treated, and (3) the kind 
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of termite against which protection is sought. Under 
conditions at Pusa we have found that teak, sissoo (the red 
heart- wood), and jarrah naturally resist termite {M. ohesi) 
attack without any treatment, and that, in the case of other 
woods subject to attack, treatment, whatever be the reagc;nt 
used, in every case gives better results than no treatment. 
Wood can be rendered immune by impregnating it wit’n 
(1) arseiiicals or (2) creosote or wood-tar or some simimr 
liquid, and the wood will remain immune as long as th> 
arsenic is not dissolved out or as long as the smell of 
creosote, etc., is present. In actual practice treatment of 
wood with arsenicals is not easy without employment of a 
pressure apparatus, as it is difficult to- get sufficient arsenic 
into the wood to preserve it for any length of time. Treat- 
ment with creosote, etc,, however, is quite simple, as the 
desired results can be obtained by repeated paintings or 
by dipping in the preservative those parts of the timber 
which are to remain exposed to attack; although even in 
these cases, the use of a pressure apparatus to increase the 
amount of preservative taken up by the wood will consider- 
ably prolong the period of protection. For the ordinary 
person, however, who can only paint or dip -woodwork likely 
to be attacked by termites, the use of creosote will usually 
give the best results, especially for underground woodwork. 

Lantana Work. This work was taken up in Novem- 
ber, 1916, on instructions from Government and has for 
its object the collection of information regarding the 
occurrence within the Indian Empire of any insects which 
may be utilized as efficient checks on the growth of 
Lantana. With this object Mr. Y. Ramachandra Rao, 
M.A., Entomological Assistant, in Madras, has been placed 
on special deputation under the Imperial Entomologist, 
' and during the year under Report wmrked in Southern 
India, Burma and Assam., A very large number of insects 
has been found to occur on Lantana but most of these 
appear to be merely casuals, not confined to Lanfitcma but 
very polyphagous in their habits, or of no importance as 
checks on Lantavia. This investigation is still in progress. 
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IV. Bees, Lac and Silk. 

Bees. The experiments with the Indian Bee {Afis 
indica) were continued. There is, however, nothing of 
special Intercast to record. 

Advice and help was given during the year to various 
bee-keepers in India. 

A note was written and submitted to Government on 
the adulteration of beeswax in India. 

Lac. Emergence of lac larvae took place at Pusa on 
12th October, 1917, for the winter brood, and on 20th June, 

1918, for the summer one. Forty trees were inoculated in 
October-November and sixty trees in June. Brood-lac was 
supplied to various inquirers, and numerous inquiries 
regarding lac were dealt with during the year. No 
students attended 'the iao courses during the year. An 
article on the present position of the Lac Industry in India 
was written for the Agricultural Journal of India. This 
year it was found that, besides the species of EuUemma 
and of Chaloididse which normally damage lac whilst on 
the trees, considerable damage was done to Ber {Zizyfhus 
jujuha brood-lac by Holcocera {Hypatma) pulmrea 
(Blastobasidse). The larv^ of this moth usually damage 
scraped and unwashed, stick-lac in store, but do not damage 
the growing lac as a rule. 

Silk. The establishment of the silk-house, which is on 
a temporary footing, has been extended up to 31st March, 

1919. Large numbers of broods of both mulberry and eri 
worms have been under rearing during the year, and the 
work of crossing the races of the mulberry worm has been 
continued with the object of producing a superior fibre. 
The multivoltine mongrel races, which we have already 
succeeded In establishing, continue to yield more and better 
silk than the indigenous multivoltine races. Eggs of some 
of these races have been distributed on a small scale to 
practically all silk centres throughout India, for trial 
under local conditions there, and the reports received, with 
the exception of that from the Superintendent of Sericul- 
ture, Berhampore, show that satisfactory results have been 
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obtained from . these rearings. It is not yet, however, con- 
sidered advisable to distribute the eggs of these races on 
a large scale until we are quite certain that they will not 
degenerate later on. At present we have twenty different 
mongrel races under rearing and are carefully recording 
the results in each case. 

Numerous inquiries concerning rearing, reeling, dye- 
ing, bleaching and spinning were dealt with during the 
year. Silk samples and bulletins on silkworm rearing were 
distributed to many applicants. Silk exhibits were sent 
during the year to the following : — (1) Madras Exhibition 
of Indian Arts and Industries (Diploma of Merit 
awarded), (2) Exhibition of Foods and Household Requi- 
sites, Bombay (Certificate of Merit), (3) Banjetia, Bengal, 
(4) Gwalior (Gold Medal), (5) Gujranwala (Gold Medal), 
and (6) Gorakhpur (Certificate of Merit). All the opera- 
tions in sericulture from the egg to the finished product 
were exhibited in Madras and Gwalior, and these were 
much appreciated by the visitors to these Exhibitions. Eri, 
muga, tasar and mulberry silkworm show-cases were 
supplied to the Superintendent of Sericulture, Berham- 
pore, Bengal. 

Silk pieces and castor seed to the value of Rs. 884-0-5 
were sold during the year and the sale proceeds credited 
to Government. 

The Pusa silk-twisting machine, on which about on© 
pound of mulberry, muga or tasar thread can be twisted by 
one boy or woman in one day of eight hours, was sent to 
Berhampore (Bengal) for exhibition purposes. This is 
believed to be an improvement on former local methods of 
silk-twisting. A silk merchant at Berhampore, who is 
supplying silk to the Home Industry Association of 
Calcutta, is twisting cotton and matka (handspun waste 
mulberry silk) on it, and is satisfied with the working of 
the machine; with this coarser thread one seer (two pounds) 
can be twisted in an eight-hour day. 

Large quantities of mulberry seeds and mulberry silk- ' 
worm eggs were supplied to the Agricultural Department 
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in Mesopotariiia.. Eri seed cocoons we sent to the Ento- 
mological Department, Egypt, where the worms are being 
reared siiccessfuily, to the Department of Agidculture iii 
Mauritius, and to the Salvation Army for sending to^ East 
Africa. Eri and mulberry silkworm eggs were supplied to 
84 and 85 applicants respectively, and mulberry seeds and 
cuttings and castor seeds were supplied to 14 applicants. 
ITnivoltine eggs of Erench and Japanese races, and 
Japanese bivoltine eggs, were sent to Guindy, Shillong and 
Muktesar for cold storage, and were successfully rea.red at 
Piisa in October, 1917, and March, 1918. Eggs of tw(^ 
Chinese univoltine races were received from the Salvation 
Army, Simla, and were successfully reared. 

Seven students completed short courses in sericulture 
during the year and three students remained under train- 
ing at the close of the year. Of the seven who comj'/leted 
their courses one came from Travancore, one from the 
Salvation Army Silk School at Bangalore, one from Bejigal, 
and two each from Bihar and Indore. 

A Second Eeport on the Experinieiits carried out at 
Busa to improve the Silk Industry in India and a pamphlet 
on the anatomy of the silkworm and moth were published, 
during the year; a Bengali translation of the former is in 
the press and one of the, latter was published in the Krishi 
Smnpada o£ D‘dGGSi. 

V. Illustrations. 

Coloured plates illustrating the life-histories of the 
following insects were prepared during the year, ciz., 
Psendococcus sp. causing tukra disease of mulberry, 
O'phideres matenm, ' Cryptorrhynchus gravis, Platyptilia 
pusillidactyla and Eretmocera impactella. Drawings in 
black-and-white, showing life-histories in more or less 
detail, w^ere prepared of about seventy of the insects reared 
in the Insectary, and about the same number of other draw- 
ings of insects were also done. 

■ Thirty-four new coloured plates of pests were issued in 
the Report of the Proceedings of the Second Entomological 
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Meeting, publislied during the year. No new coloured 
plates were printed during the year, but there is an ever- 
increasing demand for the plates already available. 

The issue of coloured lantern-slides of insect pests has 
been continued as far as possible but only under consider- 
able difficulties regarding the preparation of these slides. 
As there is a considerable demand for these slides on the 
part of the Provincial Agricultural Departments, every 
endeavour will be made to arrange for their preparation 
and supply. 

VI. Miscellaneous. 

Correspondence. A total of 114 parcels of specimens, 
mostly of crop-pests, was received during the year for 
identification and advice, whilst 911 letters were received 
and 1,221 issued, but all these numbers' are exclusive of a 
large amount of routine correspondence, which every year 
becomes more and more onerous and takes up time which 
should be devoted to more scientific work. 

VII. Insect Survey. 

Steady progress has been made in additions to, and 
arrangement and identification of, the collection which 
continues to grow so that the question of space will become 
pressing in the near future. XemiDorary ease has been 
obtained by the removal of the Lepidoptera to a new room, 
30 X 30 feet, but there is no further room for expansion in 
the present building. Keeping the collection in boxes in 
open racks, as has been done hitherto, has the serious dis- 
advantages of exposing the specimens to risk of damage 
owing to the climate at Pusa and also of occupying an 
unnecessary amount of space; storage in cabinets or in 
double-sized store-boxes kept in closed almirahs would 
considerably improve the conditions of preservation of the 
specimens and also economize space. In Ibis connection 
it may be of interest to compare , the growth of the collec- 
tions during the last ten years. It is not practicable to 
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take a census of the total number of specimens, which would 
run into hundreds of thousands, or to consider the unnamed 
and unsorted material, but, taking the definitely named 
species, we obtain the following figures : — 


Order 

1908 

1910 

1918 

Hymenoptera ..... 

400 

419 

768 

Diptera (excluding disease-carriers) 



* 168 

Lepidoptera . . . . 

(iOO 

],235 

2,540 

Coleoptera 

650 

1,236 

1,089 

Kiiynchota . . . , 

500 

606 

743 

Neuroptera {Sensu anU(j;uo) 

T' 

60 

IBO 

Orthoptera {Sensu antiquo) . 

i 70 

01 

143 


— 

- 


Totals . 

2,221 

3,647 

6,471 


The staff required for the upkeep (which includes the 
sorting and identification, as well as the mere preservation, 
of the many thousands of specimens received every year) 
has not been increased during this time, although it will 
be seen that the work ig constantly expanding and has 
already become very heavy, although this is only one branch 
of the activities of the Entomological Sectiori. The War 
has interfered considerably with the transmission of speci- 
mens for identification, but the following collections have 
been sent out to specialists in the groups named and bur 
thanks are due to them for the ready help afforded 

(i) Microlepidoptera to Mr. E. Meyrick, F.R.S. 
Named and returned. The descriptions of 
numerous novelties have been published in 
Ewotio Microlepidoptera. 

(w) Diptera .to Mr. E. Brunetti. Mostly named and 
returned. * 
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(in) Rhynchota to Mr. W. L. Distant. Numerous 
novelties have been described in his recently 
issued seventh volume in the Fauna series, \ but 
the specimens have not been returned as yet. 

(iy) Cicindelidse to Mr. S. W. Kemp. Not yet returned, 
(y) Aquatic Rhynchota to Mr, C. A. Paiva. Not yet 
returned. 

(vi) Aculeate Hymenoptera to Mr. R. E. Turner. 
Returned named, and descriptions of novelties 
published in an Entomological Memoir and in 
the Annals and Magazine of Natural History, 
{on) Dryinidse to Mr. J. C. Crawford, Washington. 
{oiiii) Psyllidae to Mr. D. li. Crawford, California. 

{iso) An Aphid forming galls on Rhus semialata to 
Mr. A. C. Baker, Washington,, 

(o)) Muscid flies affected with Empusa 7)vuscae to Mr. 
H. T. Gussow, Ottawa. 

{xi) Paruscanoidea sp. (Chalcididae), parasitic on eggs 
of Hilda hengalensis^ to Dr. L. 0. Howard, 
Washington. 

{xii) A large consignment of Microbracon spp., parasitic 
on Cotton Bollworms, sent to Professor C. T. 
Brues, was unfortunately lost owing to enemy 
action. This loss was particularly unfortunate 
as this sending contained some very valuable 
material which it will take a long time and 
much work to replace. 

{wiii) Ichneumonid parasitic on Pseudagenia blanda to 
Mr. C. Morley. Named as Gotra longicornis 
and returned. 

{xio) Carabidae to Mr. H. L. Andrewes. Not yet 
returned. 

{xo) Bruchidse to Dr. G. A. K. Marshall. Not yet 
returned. 

{xvi) Hispinae and Cassidinae to Mr. S. Maulik. Not yot 
returned. 

.{xvii) Odonata (part) to Major E. C, Eraser. Not yet 
returned. 
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The following collections sent out in previous years have 
not yet been returned : — 

{mil) Histeridse to Mr. G. Lewis. 

{wio}) Longicorn beetles to Dr. Gahan. 

{xx) Anthribidse to Dr. K. Jordan. 

[xx-H) Rhynchota to Mr. W. L. Distant. 

{xxli) Tettigidse to Dr. J. L. Hancock. 

Various collections of Indian, insects have^been received 
and named and returned as far as possible. These included 
colieotious sent by the Provincial Agricultural Departments 
and by numerous correspondents. 

VIII. Programme of Work for 1918-19. 

Major- 

This will follow generally on the lines of work of the 
current year and will include general investigations of 
crop-pests and especially of the pests of sugarcane, rice and 
cotton, of fruit-trees, of stored grain, and of insects affect- 
ing Lantana. 

Minor, 

Results in various lines of work require to be written 
up and published as far as possible. Work and experi- 
ments in silk, lac and bee-keeping will be continued, and 
new insecticides and insecticidal methods tested as occasion 
arises. Systematic work on Indian insects will be carried 
out with our own resources and the help of specialist 
correspondents. Advice and assistance will be given as 
far as possible to Provincial Departments and to all 
inquirers on entomological subjects. 

IX. Publications. 

The following publications, either written by the Pusa 
staff or based on material sent from Pusa, have been 
actually issued during the year : — 

Bagnall, R. S. . .Brief Descriptions of new Tliysuiiopfcerii, 
IX. (Ann. Mag. 'Nut. Hist, (9), I, 20.1- 
221 .) 



Bagnall, It. S. . 
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, On two species of Physothrips (Tliysanop- 
tera) injurious to tea in India. 

Ent. Res., IX, 61-64, 2 figs.) 

Crawford, D. L. . Pliilippine and Asiatic Psyllidse. {Phil. 

Jouvn, Science, vol. XII, sect. D, 163- 
174, 1 tab.) 

Ue, M. N. . . Anatomy of Silkworm and Motli. (Grilia- 

- stba Publishing House, Oalciitta.) 

He, M. X. . , Second Eeport on the Experiments curried 

out at P.iisa to improve tlie M’ulbery Silk 
Industry, compiled under the direction of 
the Imperial Entomologist. {A grid. Res, 
Inst.i P'usa, Bull. no. 74, pp. 28.) 

Distant, W. L. . Ebyncbota, Vol. VII. Homoptera; Appen- 
dix. Heteroptera ; Addenda. {Fauna of 
India Series, pp. 210, 90 figs.) 

Eletclier, T. Icerya purchasi in Ceylon: A warning to 

Baiubrigge. India. {Agricl. Journ., India, XII, 526- 

631, tab.) 

Fletcher, T. Eeport of the Proceedings of the Second 

Bainbrigge. Entomological Meeting held at Pusa on 

the 5th to 12th February, 1917, Pp. 
xii-i'340, 34 col. tabs.; Government of 
India Press. 

Fletcher, T. Agricultural Entomology. {Annual 

Bainbrigge. Report, Board Sci. Advice for India, 

1916-17, pp. 78-95, 149-158.) 

Marshall, G. A. K. . Plaiymycterus, a new genus of Asiatic Cur- 
culionidse. {Ann. Mag. Nat. Hist. {2), 
1,246-252.) 

Meyrick, E. , . Exotic Microlepidoptera, vol. II, parts 2-5, 

pp.: 33-160. 

Meyrick, E. . . Two new Indian species of Cosmopteryx. 

{Ent. Mo. Mag,, LIII, 257-268.) 

Misra, 0. S. . . The present condition of Lac Cultivation in 

the Plains of India. {Agricl. Journ., 
India, XIII, 405-415, tab. 23, 1 map.) 

Eamachaiidra Eao, Y. Xotes on some South Indian Cecidomyiids 
causing galls in grasses. {Journ. Asiat. 
Soc., Bengal, n. s., XIII, 299-306, tab.) 
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"nvrtPT BE.. ■ Notes oil Eossorial Hymenoptera, XX.XT. 

On new Spliecpidea in tlie British 
Museum. (Ann, Mag, Nat. Hist, (9), 1, 
356-364, %.) 



INSTITUm PUSA, FOR 1917-18 


117 


REPOET OF THE IMPERIAL PATHOLOGICAL 
ENTOMOLOGIST. 

(F. M. Howlett.) 

I. Introduction. 

I was in charge of the Section for 10 months of the year, 
from August 28, 1917, when I returned from military duty 
in England. From 1st July to 27th August, 1917, Mr. T. 
Bainbrigge Fletcher, Imperial Entomologist, was in charge 
of this Section in addition to his own duties. 

The greater part of the work of the Section during this 
period may be put under four main heads, work under each 
Lead being done chiefly by the officers named against each : — 

(1) Mr. P. G. Patel. Observations on thu life-histories 

and habits of blood-sucking and saprozoic 
insects. 

(2) Mr. H, N. Sharma and the Imperial Pathological 

Entomologist, with M. Shaffi and M. Karim. 
Experimental and practical work on mosquitos. 

(3) Mr. S. K. Sen and the Imperial Pathological Ento- 

mologist. Experimental work on insect psycho- 
logy in relation to feeding and oviposition. 

(4) The Imperial Pathological Entomologist. Experi- 

mental and practical work on insect-repellants 
and insecticides. 

II. Blood-sucking and Saprozoic Insects. 

Attention was chiefly directed to the compai'ative 
study of the habits of the larvae of Tabanidae, which show 
marked and interesting differences in the various species, 
and to working out the life-histories of the Pusa midges 
(genera Culicoides and Ceratopogon), a group of minute 
blood-sucking insects of which very little is known. The 
main features of several of these life-histories have been 
ascei^tained and illustrative coloured plates prepared, the 
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eggs and aquatic or semi-aquatic larvae showing somewhat 
uii usual characteristics. In view of the possibility that 
these flies may convey disease, observations on this curious 
and little-known group will be continued. 

III. Experimental and Practical Work on Mosquitos. 

Practical anti-mosquito work has consisted in the 
continuance of the mosquito campaign in Pusa, So far, 
with the aid of a very limited temporary staff, this work 
has, I think, sufficiently justified itself to warrant an exten- 
sion on the trap-])reeding ” lines flrst advocated by me in 
connection with the Stegomyia investigation of. a few years 
ago.. The. main idea of trap-breeding is to supplement the 
ordinary (and almost inevitably incomplete) destruction of 
natural breeding-places by. supplying a large number of 
alternative breeding-places of a suitable type which will 
absorb the local egg-supply, but which are in one way or 
another' kept -under control so that none of the eggs laid in 
them shall re^ch maturity. 

The method has now been tried in various parts of the 
world and seems to have proved- ^uniformly successful. It 
enables one materially to economize energy in reducing the 
mosquito population, and minimizes the difficulties asso- 
ciated with imperfect inspection and the discovery by the 
mosquitos of imnoticod or inaccessible breeding-places, this 
-latter being the main and frequently unavoidable difficulty 
of the purely destructive methods generajlly advocated. 

Proposals are being submitted for the construction of a 
number of permanent breeding-places in order to extend the 
work on the above lines, most of the breeding-places would 
take the form of small ornamental fishponds inspected and 
stocked witli suitable local fish by the campaign staff. 

A certain number of organic compounds have been 
tested as larvicides, but no results of .any practical interest 
have been obtained except in the ease of the Xanthates, 
v/hich have a very high toxicity for mosquito larvee. 

A long series of experiments has , been carried out with 
tfie object of ascertaining. the factors which influence. mos- 
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quitos (especially Siegomyia soutellaf is) in tlieir choice of 
Breeding-places, and the deterrent or attractive effect: of 
dilute solutions of a number of chemical substances as com- 
pared with pure water. 

The results at present obtained indicate that— 

(1) Temperature has a definite influence, eggs being 

laid more freely in warm water. 

(2) Various chemical • compounds have a deterrent 

effect when dissolved in small quantities (^-1 
per cent.) in the water. 

(3) A few chemical substances (especially sodium 

citrate and tartrate) have an attractive effect, a 
far larger number of eggs being laid in dilute 
solutions of these substances than, in pure water. 

This work is being continued, in conjunction with 
experiments on the effect of dilute solutions of chemical 
compounds on the development of mosquito larvae. 

IV. Insect Psychology in relation to Feeding and 

OVIPOSITION. 

A good deal of work has been done in this direction, 
but tlie results are not of a kind to be profitably discussed 
in a report of this nature. 

One immediate outcome of them was the series of 
experiments on the egg-laying of mosquitos mentioned in 
the preceding section, and they have had a direct bearing on 
the work in connection with, repellants. 

V. Insect Repellants and. Insecticides. 

The subject of reiDellants and insecticides is one to 
which I have given much personal attention in the course 
of the last four years, and since my return from England 
I have continued experiments on repellants, and have 
attempted to devise standard methods for testing repellants 
and' insecticides which will give a reliable index of their 
actual practical value. 

Practical worU in this connection, in collaboration with 
Captain Pool, A.V.Q., was undertaken at the instance of 
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the Surra Committee meeting at Simla in May. This work 
has for its object the discovery of a repellant, limited as 
I’egards cost, which shall effectively prevent Tabanidfe from 
attacking camels, and so help to check the spread of surra 
among transport and other animals. 

Through the kindness of the Inspector- General of 
Forests and the officers of the Forest Department at Dehra 
Dun, arrangements have been made to carry on the work 
in the laboratories of the Forest Research Institute, and it 
is still in progress. 

VI. Programme of Work for 1918-19. 

The most probable main lines of work are 

(1) General methods of insect-control. 

[d) Attempts to ascertain the nature of the reactions 
which determine the processes of feeding, pair- 
ing, and egg-laying in insects. 

(b) The direct effect of certain physical and chemical....^ 

conditions or agents on the above reactions, 
more particularly with reference to disease- 
carrying insects. 

(c) The physiological action of insecticidal and deter- 

rent substances. 

(2) General bionomics of insects and Arachnids which 
suck blood or otherwise cause disease in man or animals. 

(3) Special work on surra-prevention, undertaken at 
the instance of the Surra Committee, in collaboration with 
officers of the A.V.C, 

(4) Investigation of methods for combatting mange in 
transport camels, in collaboration with the military 
authorities. 

VII. List OF Publications. 

Sen, S. K. . . • Beginnings in Insect Physiology and tlieir 

Economic Significance. {Agric. Jouvn. 
of India, vol. XIII, ;pt. IV.) 

.• i 
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REPORT OE THE IMPERIAL AGRICULTURAL 
BACTERIOLOGIST. 

(C. M. Hutchinson, B.A.) 

I. Administration. 

I held charge of the Section throughout the year. 

Mr. J. H. Walton, Supernumerary Agricultural 
Bacteriologist, continued to be on military duty throughout 
the year. 

II. Training, 

Mr. S. N. Bose, Bacteriological Assistant to the Agricul- 
tural Chemist to the Government of Bengal, was under 
training in this Section from 3rd January, 1916, He 
finished his course and was relieved from this Section on 
the 6th January, 1918. 

Mr. Kripa Ram, a student from Punjab, was under 
training, specially in media preparation, in this Section 
for a short period from 25th September to 18th October, 
19T7. 

Mr. P. C. Chaudhury, Superintendent of Sericulture, 
Bengal, was under training in bacteriological technique in 
connection wdth the silkworm disease, from 6th to 17th 
December, 1917, and 6th to 19th February, 1918. 

Mr. K. L. Mahta, a student from Kashmir State, was 
under training in the microscopic technique in connection, 
with the silkworm disease, from 15th March to SOfch June, 
1918. 

■Work was done on the following subjects : — 

III. Soil Biology. 

Mtrification. Further observations were made as to 
the conditions determ.ining maximum nitrification in vari- 
ous types of Indian soils. Field observations of the^sea- 
sonal variation and the, effect of cropping and of fallow' 
were continued. It was found that the presence of a crop. 
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whilst diminishing the a,pparent amount of nitrification as 
measured b}’ the nitrate found in the soil, actually increased 
the amount if it is assumed that the crop takes its nitrogen 
entirely as nitrate. 

In connection with nitrification studies, further obser- 
vations were made as to the formation of bacterio-toxins 
ill soils, and a paper on this subject was read at the fifth 
session of the Indian Science Congress at Lahore. 

Nitrogen fixation. The First Assistant continued his 
experiments upon the specific nature of various strains of 

radimola and upon apparent symbiotic fixation of nitro- 
gen without nodule formation in the ca.se of inoculation 
with foreign strains. Clear evideneo of activation of 
growth by non -symbiotic nitrogen fixation hoth by azoto- 
baeter and nodule organisms was obtained. These obser- 
vations will form the subject of a paper now in course of 
preparation. 

Green-manuring, The field trials arranged in colla- 
boration with the Imperial Agriculturist were continued 
on the experimental area of the farm; they are designed to 
test the field value of the modified method of green-manur- 
ing descrilied in Bulletin 63, A epic. Res. Inst., Pma; the 
increased returns obtained on tlie 7nbi (winter) croj), 
altliough considerable, are not a measure of the practical 
value of til is method which depends largely upon its sus- 
tained and residual effect. This has been Well illustrated 
in the various c-rops on the experimental area of this Sec- 
tion, which have given consistent increases of some 30 — 60 
per cent, not only over the unmanured but over plots receiv- 
ing adequate applications of such manures as nitrate of 
soda and oilcake, over a period of three seasons incliidmig 
the year of application. The effect, on Java indigo in the 
third year is especially marked. 

Phosphate requirements of soil bacteria. Further 
work on this subject led to the following general conclu- 
sions : — 

(1) Increase in available PgO^ greatly increases the 
general bacterial activity of a soil, and there- 
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with the formation of CO^ ; there is a positive 
relation between the amounts of CO, thus 
formed and the solubilization of phosphate 
in the soil, but this varies with the character of 
the latter. 

(2) Addition of soluble phosphate increased the 

ammonification rate in all the soils examined. 

(3) Addition of phosphate in many cases diminished 

the nitrification rate, apparently owing to the 
disproportionate increase in non-nitrifying 
organisms. The final result over long periods 
of time in most cases showed no increase in tlie 
total nitrate formed. 

IV. Indigo. 

The experimental factory referred to in the previous 
annual report came into use at the beginning of the current 
year (July 1917), and although its working was seriously 
handicapped by the over-maturity of the plant, many valu- 
able and interesting' observations were made during the 
short manufacturing season remaining. It is impossible 
here to give any detailed account of the results obtained 
which will form the subject of a full import shortly to be 
issued as a memoir of the Department ; the following 
general summary will give some idea of the connlusions 
arrived a;t and of the lines of further w-ork made necessary 
by the character of the results obtained. 

Inoculation with specific bacterial cultures. In the 
previous year’s report of this Section it was shown that 
good reasons existed for believing that yield of indigo in 
the process of manufacture depended in the first place upon 
the completeness of bacterial hydrolysis of the indican con- 
tent of the leaf ; that this was determined by the presence 
or absence of sufficient numbers of specific bacteria, and 
that variations in yield between individual factories prob- 
ably. depended mainly upon the character of the bacterial 
flora of the steeping vat, this being again determined by 
that of the water supply. This contention was fully sup- 
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I’lorted and the whole theory confirmed by the experiments 
carried out in the Pusa factory in 191*7 . 

The main line of experiment lay in the comparison of 
lesnlts obtained in artificially inoculated steeping vats and 
in iminoculated control vats, making use of pure cultures 
of various hydrolyzing bacteria isolated from the khamna, 
or seet water, or from the walls or timbers of the steeping 
vats of various indigo factories. Isolation of such bacteria 
wa..s effected by the use of indican agar, on which those 
bacterial species capable of splitting off indoxyl from 
indican formed indigo blue colonies, and examination of a 
large number of samples from various factories has led to 
the general conclusion that the known yield of a factory is 
closely and almost directly proportional to the content of 
such hydrolyzing bacteria in its water supply. 

The first problem to attack was the method of inoculat- 
ing the water used for steeping in such a way a,s to ensure 
the presence of sufficient numbers of the specifi’c bacteria. 
It may be said at once that this problem rapidly revealed 
itself as the basic one of the enquiry as a whole, and its 
solution is still under investigation, bfevertheless the 
results of the comjoaratively limited number of experiments 
.made in the Push factory conclusively established the main 
principle that yield of indigo depended upon bacterial 
action. a]id consequently upon the presence of adequate 
numbers of bacteria of the proper kind. The very first 
experiment in which a comparison was made between the 
yields of two vats, one inoculated with a pure culture of a 
bacterium (laboratory mark In,,) and the other untreated, 
gave an increase of 15 per cent, in the inoculated vat, not- 
withstanding the unsuitability of the over-mature plant 
available which should have, been cut for manufacture at 
least a month earlier. Subsequent experiments were not 
invariably conclusive so far as yield of indigo was con- 
cerned, but owing to the careful analytical watch, both 
chemical and hn.ctei’iological, kept over every stage of the 
pro(;ess, il was not only possible, to account for discrepah- 
cies hut to (.ome to flefinite couclusiops a§ to the underlying 
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causes of negative results and the feasibility or otherwise 
of removing them. The general procedure adopted in 
carrying out each experiment involved chemical examina- 
tion of the plant before and after steeping, of the liquor at 
various stages of fermentation and also after blowing and 
settling, and of the indigo precipitate or mal and lastly of 
the waste or seet water. Thus a close ^vatoli was kept upon 
the fate of the origiiial iudican content of the leaf, and the 
effect of any method of treatment upon the percentages of 
this const] tueiit which appeared at various stages eitiier in 
its original form or as indoxyl or indigotin, was accurately 
ascertained. This naturally involved a very large number 
of analyses and as the quantitative estimation of indican, 
indoxyl, or indigotin is a tedious process and as each 
analysis was made, during the later period, both by the per- 
sulphate and isatiii methods, it wdll be realized that the 
number of experiments was limited by the possible pace of 
output of the analytical data. 

In the same Avay bacteriological analysis of the fermen- 
tation process was carried out for each stage of manufac- 
ture, but this analysis necessarily began with measurements 
of the rate of bacterial growth (by plating) in the mass cul- 
tures used for inoculation some hours before manufacture 
commenced, in order to discover the best conditions foil 
securing successful inoculation. Plates were made from 
the mass culture after various periods of time from the 
original inoculation, from the kliazdna (reservoir) before 
and after the introduction into it of the mass culture, and 
at intervals up to the time of “ watering ” the vats, is., 
running the water from the khazana into the steeping vats 
containing the cut plant. Fermentation continues after 
watering for varying periods of time up to some 12 — IS* 
hours, and plates were made at intervals to determine the 
rate of multiplication of otherwise of the specific bacteria 
artificially introduced with the water. The water used at 
Pusa was drawn directly from the river, and a large num- 
ber of plates was made to ascertain the bacterial content 
of this water and the proportion of active hydrolyzers. 


. Tills series of plates showed the very great variation in this 
respect which occurs in river water from day to day a,Gc;ord~ 
ing to the iiici deuce of the rainfall; innnediately after rain 
large numbers of bacteria, derived no doubt from surtace 
wash, appear in the river water; after 24 iioiirs or less this 
extra supply may have completely disappeared but iii tins 
meantime the character of the fermentation may l)e (mtirely 
changed owing to the presence of a relatively enormoms 
number of bacteria in the steeping vat. it is a serious 
defect in the design of the Pusa factory that no provision 
exists for settling or filtration' of the water, so that in a 
larger number of cases the extreme dirtiness of the water 
used introduced excessive numbers of bacteria of all sorts, 
the activities of which so far complicated the results as to 
make the latter of little more than negative value. Thus 
it wall easily be realized that when endeavouring to com- 
pare an artificially inoculated vat with an nninooulated 
control, the existence in the water of both of a natural bac- 
terial population already up to the limit of its capacity 
would inevitably reduce the artificially induced differenco 
in bacterial content to a negligible quantity. A natural 
criticism immediately^'suggests itself ; would it be practi- 
cable on a factory scale to remove any such excess of bac- 
teria in order to make room for artificially introduced 
species? It may be said at once that the importance of 
this point was realized very early in the course of the 
experiments, and our aim has been to find some practicable 
flfeans of overcoming the difi&culty. 

In order to understand fully the points involved it 
must be realized that so far as indigo manufacture is con- 
cerned we may divide bacteria into , three classes 

(1) , active hydrolyzers, 

(2) inert so far as indican is concerned, and 

(3) active destroyers either of, indican or in doxy] or 
both.' 


The ar-tificial cultures isolated at Pusa have been selected 
for their positive and negat|va: virtues, they are active 
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indoxyl j^roducers and do not destroy any large quantity 
of indican without hydrolyzing it to indoxyl. On the other 
hand a large number of the bacteria found in the dirty 
river water are active indican consumers and may^ even in 
twelve hours, destroy some 30 — 40 per cent, of the indican 
present, thus reducing the yield of indigo to that extent. . 

In addition to this positive action the competition which 
goes on between bacteria in any culture rnediujii whether 
natural or artificial, will seriously reduce the hydrolytic 
action of the beneficial bacteria if the activities of the latter 
are curtailed by the presence of superior numbers of the 
mimical species or even of otherwise inert kinds. It was ' ; 
found in 1917 that interference with bacterial control of | 
the fermentation was due sometimes to excessive numbers I 
of destructive bacteria and not infrequently to the piesence 
in the untreated river water of a sufficiently large number ■ 
of hydrolyzers to reduce the difference between the artifi- : 
cialiy produced w'-ater content of these desirable organisms i 

and the natural one, and with it the yield of indigo, to in- i 

sipiificance. The frequent, but not constant, occurrence \ 

of this phenomenon provided an addition to the evidence 
upon which the theory underlying this work is based, ■ 

namely, that the notable differences observed between the 1 

yields of individual factories can be correlated with the 
differences in the bacterial content of their water supply. 

Thus in the case of low yields we are confronted at the 
outset with a condition and not a theory, the presence of 
destructive, and the absence of constructive bacteria, and 
the alteration of this condition is the object of our present 
research. 

Two methods of attacking this problem appear to pre- 
sent themselves ; the first and most obvious being the removal 
of all deleterious bacteria from the water supply and the 
second, the use of artificial feiiltures of such quantity and • 
vigour as to overwhelm the original population of undesir- 
able bacteria.. 

It is a well-known fact that bacterial numbers in water 
can be greatly reduced by settling and still more so by pre- 



cipitation: mere storage hi reservoirs also reduces them in 
quantity. Most factories use their khazanas or reservoirs 
as settling tanks, drawing 
surface drainers; this is in- 
which would contaminate tin 


off the water from the top liy 
ntended to remove suspended mud 
indigo, but an extension of 
the method wmiid undoubtedly serve to reduce the bacterial 
numbers, and in cases where bad fermentation sometimes 
followed by bad settling in the beating vat is a common 
experience of the factory, the use of khazanas of greater 
capacity and designed to effect more complete settling of 
the suspended matter in the water, would almost certainly 
lead to improved manufacture. Larger reservoirs would 
also reduce the proportion of water directly pumped witii- 
out settling from the river or lake, which in many cases 
appears to be responsible for bad fermentation. It is a 
frequently observed fact that certain vats habitually gLm 
better fermentation than others in the same factory vari- 
ous explanations have been given of this difference but the 
following one which does not seem to have been suggested 
appears to fit in with the conditions in many cases'. In 
many factories the khazana is not large enough to supply 
water to all the vats in use at one time, so that a certain 
number of the latter are filled with water which lias stood 
for several liours in the khazana, the remainder being 
watered by practically direct pumping from the outside 
source, whether river, lake, or tank. This would at once 
tend to create differences in the bacterial content of the 
steeping vats, which might very well he of a sufficiently 
high order to produce variations in the fermentation going 
on in the latter. Such variations would be reduced together 
with the number of bacteria by the use of khazanas of ade- 
quate capacity, allowing of settling the whole amount of 
water used each day. It is suggested that the not infre- 
quent superiority of the yield of small factories and small 
vats may be traced to tlie very generally adequate size of 
their khazanas: • ' ’ . 

Apart from the bacteria Resent, in the Water it is to be 
remembered that the plant itself introduces an enormous 
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nuinlxu’ inlfj (bo steeping vat. I]) the 1017 e^periiiieirts it 
was freqiiciitly found , tliat whereas tlie uiiiiiocLilated 
khazana water might contain very few liydrolyzers yt't the 
eorrespoudiiig fermented liquor contained an abuii dance of 
these bacteria; this implied the introduction of the latter 
by the plant, and it may be asked how manufacture could 
be benefited by purification of the khazana water, if the 
plant itself brings in so large a nnmber of bacteria. There 
is reason to think, however, that this difficulty is not so 
serious a one as at first sight may appear, first because the 
bacteria generally associated with the plant do not seem to 
include as a rule any large number of deleterious organisms, 
and secondly because these bacteria, if they find the water 
already in possession of others, as would be the case with 
successfully inoculated khazana water, do not have time to 
exercise much infiuence upon the character of the fermen- 
tation. Tor this same reason beneficial plant bacteria must 
frequently be ..prevented from carrying out normal hydro- 
lysis by the presejice of unduly large numbers of detri- 
mental organisms in the khaza.na water. The problem, 
therefore is hew fa,r is it practicable to provide fairly clean 
water for steeping, and how to produce a satisfactory artifi- 
cial inoculation sufficiently vigorous to overcome the des- 
tructive action of detrimental bacteria already present. 

A great deal of experimental work was done to deter- 
mine the best way of making a mass culture, he., a pure 
culture of the specific bacterium sufficient in quantity to 
stand distribution through the 6,000 to 10,000 gallons of 
water in the steeping vat without undergoing too high 
dilution. It was found possible to make a simple culture 
medium of ammonium sulphate, superphosphate, wood ash 
and sugar, and to activate fermentation by the use of about 
one gallon of this culture, after 6 hours’ incubation, in each 
1,000 gallons in the steeping vat. In many cases, how- 
ever, growth of the artificial inoculum appeared to be inter- 
fered withj probably owing to excessive competition %vith 
other bacteria and in some instances to failure to make the 
proper adjustinents between the temperature of the mass 
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culture and that of the steeping water, pr even to the pre- 
sence of unfavourable chemical conditions in the latter, and 
further work must be done to find out how to secure the 
most favourable conditions for the multiplication and 
activity of the artificially introduced bacteria. In other 
industries depending upon controlled bacterial fermenta- 
tion the use of sterilized raw material is generally adopted ; 
this would seem to imply that the absence of other bacteria 
is a condition of success for the employment of pure cul- 
tures, but it does not necessarily follow in the case of indigo. 
Here we have in the ordinary factory working frequent 
cases of losses of the order of 30—40 per cent, due largely 
fb imperfect hydrolysis, partly as a consequence of the 
absence of the proper bacteria and partly to the presence 
of abnormal numbers of destructive species. It appears 
probable from the past season’s experience that by sedi- 
mentation and the introduction of sufficient amounts of 
vigorous cultures of the proper species it should be possible 
to alter the character of the fermentation in the steeping 
vat so as to secure more complete hydrolysis, but a consider- 
able amount of work must be done before it is possible to 
elaborate a routine method suitable for use in a factory 
without immediate scientific control. 

Hot water extraction. In the report for the previous 
year (19-16-17) reference was made to the use of hot water 
extraction as a means of eliminating undesirable bacteria; 
a further advantage of such a method would be to secure a 
higher percentage of extraction of the indican in the plant; 
the Indigo Research Chemist has shown that imperfect 
extraction in many cases leads to a loss of 30—40 per cent, 
in ordinary factory working, and if hot water extraction 
could be successfully adapted to factory conditions, it should 
be possible to obtain a liquor not only comparatively free 
from bacteria (although of course not absolutely sterile) but 
containiug a miieii higher percentage of the indican present 
in the plant from which it was derived. 

' ' With a view to obtaining information as to the possi- 
bilities of this method a hot water extraction vat was added 
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to the factory equipment at the beginning of the current 
year; this consisted of a masonry vat sunk in the ground 
and having sloping ends and a draining platan. The 
water in the vat is heated with steam extract 

can be pumped to the steeping vats iM«c*^i!5ooling and inocu- 
lation. Plant is carried into and out of the vat by a length 
of large mesh wire fencing net, thus obviating the trouble 
in handling hot material. 

The experiments made with this method do not come 
within the scope of this year’s report, but it may be said 
here that there appears good reason to suppose from results 
already obtained, that tbe method- will allow not only of a 
high percentage of extraction, but of complete bacterial 
hydrolysis aiid the production of good quality indigo. It 
is, of course, quite possible that its use on a factory scale 
may prove uneconomical in view of the fuel consumption 
involved, but engineers whose opinion has been taken do 
not consider that this is likely to be the case. 

V. Pebrine. 

Piirther work was done upon this subject with special 
reference to the mechanism of infection, a paper on which 
is now in hand. Microtome prei)arations and dissection 
gave clear evidence of the rapid rate of development and 
spread of the parasite in the tissues of the host in this coun- 
try as compared with that described by Pasteur; thus artifi- 
cial infection of a larva, by feeding only once with pebrine- 
infected food just before spinning, resulted in a heavily 
pebrinized moth, and in earlier stage larvae similar treat- 
ment resulted' in the presence of numerous actively dividing 
forms of the parasite in the epithelial cells of the gut of 
the host only three days after infection, as compared with 
a necessary interval of ten or fourteen days in Prance. 
Similarly in hereditary infection through the egg the 
epithelial cells of the gut of the embryo were found to be 
infected several days before oviposition. It is therefore 
clear that Nosema honibycis in India has attained parasitic 


i3. .aBNTll4C BlflHWTS U. THE AataotoWBAH Ha^EAllCH 

%■ ■^ f hi eh order wliioli is liable to make the spread 

activity oi a higl 

hJ the middle of last century, when the silk 

Zt destroved. and it is all the more necessary to 

TO-ewnted the disease from wiping out the Indian silk 
? ? 7 “ Itocether It should be reinembored, however, 
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Gcmtammative infection, and does not at all rednce the here- 
ditary transmission, which is certainly of equal importance. 

The viability of pebrine spores was further tested and 
the results of the experiments showed clearly that imdei 
id Editions such spores rapidly lose vitality, whereas 
in dry air, even at high temperatures, their viability is 
reteined for considerable periods of time. 

Tbe reliance which has been placed upon copper sul- 
tihate as an antiseptic for rearing houses was shown to be 
based on theory rather than observation, as "b per rent, 
infection was obtained with pebrine spores treated with 1 
per cent, copper sulphate solution, whereas ,1 per cent, 
formalin secured complete immunity under similar condi- 

tions. . . , 

At the request of the G-overiiment of Mysore I visited 
tlie State iu January and inspected typical i earing estab- 
lishments, both Government and private. Demonstrations 
were given of the revised method of examination of moths, 
and a report was subsequently written embodying a series 
of suggestions as to the best method of securing adequate 
and reliable supplies of disease-free seed, and of diminish- 
ing the amount of contaminative infection during rearing. 
These suggestions have been by Seriouliural 

- Department of the State, . . : - 
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Amongst other recommendations the following were 
emphasized: — 

Provision of disease- free seed. Revision of technique 
of microscopic examination of moths. Proper 
trained supervision of this examination. Ade- 
quate provision of nurseries for production and 
distribution of disease- free seed. Rejuvenation 
of stock by hill rearing. 

Improvements in rearing. Demonstration rearing 
houses where improved methods can be shown to 
local rearers. 

Such improved methods to include : — 

(1) Sanitary measures' to avoid spread of 

infection such as disinfection with 
formaldehyde and dust prevention by 
false ceilings and moist floors. 

(2) Proper dieting and spacing, and provision 

of ventilation especially by openings 
in roofs of rearing houses. 

VI. Programme of work for 1918-19. 

Major subjects. 

1. The decomposition of organic matter in the soil by 
bacterial action. 

2. The reciprocal relationship between bacterial activity 
in soil and the mineral constituents of the latter with 
special reference to phosphates, and an enquiry into tlm 
possibility of prodiK;ing soluble or available idiosphates in 
India without the use of sulphuric acid. 

Special enquiries. 

3. Indigo. 

4. Pebrine. 

5. Tlie sterilization of water for troops in the field. 

Minor subjects. 

6. Plological analysis of soils. 

7. Bacterial diseases of plants, 
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VIII. List of Publications. 

Huicl}insoii, C. M. , Eepoii on Agricultural Bacteriology, 1916- 
17, for the Board of vScientific Advice in 
India. 
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.R.EPOET OF THE IMPERIAL COTTON 
SPECIALIST. 

(Gr. A. Gammie, F.L.S.) 

I. Charge. 

I held charge of the post throughout the year. 

II. Cottons in the Provinces, 

Bombay Presidency. 

Khandesli. The whole energies of the local Depart- 
ment have been devoted to the growth and distribution of 
the R. E. cotton (Khaiidesh neglectim roseum, almost 
identical with the roseim of the Central Provinces). 
There is a large seed farm at Jalgaon, and it is supple- 
mented by areas under registered seed-growers. During 
these last two years, however, it has been found that roseum 
suffers more from untimely late rains than the ordinary 
Khandesli mixture, and many cultivators are voluntarily 
reverting to the former practice of growing the old mix- 
ture. In cotton, as in other crops, there are sound reasons 
underlying the cultivator’s method of mixed cropping. 
While much, progress ha's. been made in the distribution of 
purified N. R. cotton, whicli is the most profitable type of 
cotton to the cultivator in the Khandesli mixture, it was 
felt that some account should be taken of its comparative 
failure in the last two abnormal^seasons and more attention 
should be paid to the production of a yellow-flowered 
variety which could take its plane, an alternative to be pre- 
ferred to thahof the cultivators returning to their old mix- 
ture derived from fresh and uncertain sources. To this 
end we have introduced, for experimental purposes, the 
SindewaM Gross from the Central Provinces and K.22 
cotton produced by Mr, Leake at Cawnpore. 
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The comparative values of the varieties now under 
experiment can best he calculated from the following state*- 
ment. based on figures obtained at the Jalgaon fariu. : 


Variety 

Yield per 
acre 

j . Gimiit.g 

1 percentage 

Value per 
acre 


lb. 

I 

Rs, A. P. 

N. R. . ■ . 

108-30 

38-475 

28 9 0 

N, R. C 

smo 

41-875 

i : ■ 1 

23 12 0 

SiiiAewalii Cross 

56-S3 

; 35-600 

15 11 0 

K. 22 

-11-80 j 

36-000 

11 1 0 


On account of the partial failure of the cotton crop 
throughout Khandevsli, there is a shortage of good seed for 
sowing purposes, and it is understood that large cpiantities 
of seed have been brought from Jarnner, a place bordering 
on the Nizam's .Dominions, which grows the ordinary jari 
mixture giving a ginning percentage of 84 to 36 and fetch- 
ing a slightly higher price than the ordinary Khandesli 
cotton. Efforts should be made to prevent such inferior 
types from establishing themselves in tracts wliich can 
carry better vaideties. 

There is a village, called Saising, in the Bhnsaval 
Taluka, which groves a cotton exactly like N. R. excepting 
that the cotton is not released when the boll opens, even 
when unpicked for some time. This variety is worth 
further encpiiry on the part of the Department. 

Gujarat. In the Dhollera tract Mr. Mankad investi- 
gated the extent and limits, of the white- flowered form of 
matkio which resembles N. R. in its high ginning percent- 
age. In some villages in the Dliandhuka Taluka of the 
Ahmedabad District the percentage of white-flowered 
plants was found larger (varying from 40 to 65 iper cent.) 
than in the tracts of Kathiawar growing niathio, where 
the ]>ercetitage -of white-flowered plants rarely' exceetjs 25 ’ 
per cent. The hvgv-v percentage of white-flowered plants 
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in this tract appears to be due to two causes (1) N. R. 
and 1^. R. C. types ripen a little earlier than the other 
types of the mathio mixture, the fully ripe bolls also appear 
more fluffy and larger in size.- It is therefore probable that 
the first opened bolls may have been selected by the culti- 
vators for their future seed requirements, (2) Middlemen, 
who actually sell the ka^as after testing the out-turn of lint, 
may have sorted coarse cotton (N. R. and N. R. C. having a 
high ginning out-turn) from the general heaps in the gin- 
neries. As in other parts, e,g., Kathiawa:;, there is a gene- 
ral complaint that mathio exhausts the soil and the succeed- 
ing crop of jowar {A. Sorghum) or hajri (Pennisetum 
typhoideum) with which cotton is rotated, has considerably 
fallen ofl in out-turn. Cultivators of late have gradually 
taken’ to the growing of wag ad, but it will be difficult to 
oust mathio altogether. 

In the Dhollera tract, rozi is being rapidly replaced 
by ghogari. 

In the Ahmedabad District, wagad is restricted to 
hesuT and black soils, while lalio is reserved for goradu or 
the lighter class of soils; on these, vfhen irrigated, its out- 
turn is sometimes almost doubled. In wagad it is better 
to select round rather than pointed bolls for quality and 
out-turn. 

In the Panch Mahals the prevailing type was kamn, 
but this has been replaced by ghogari on account of its 
high ginning percentage. At Dohad farm a number of 
varieties have been tried, amongst them Cambodia and 
hlmri. These have been rejected and tests are being con- 
tinued with N. R. strains, Sindewahi Cross, and K.22. 
Owing to the retentive nature of the soil and the chance 
of frost which occurs at intervals of years these are not 
altogether satisfactory. Cotton as a crop is not extend- 
ing on this area as the people get a good return from the 
double-cropping of maize and san {Crotaldria jimwea). 

It would be well if the Department refrained from 
further experiments towards the introduction of N. R. 
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^Yhicll will only accentuate the difficulties regarding mix- 
ture in Gujarat, and watched the results with gliogari and 
hami conducted in the Broach District. 

Judged by the valuations, the cottons tried at Doha, d 
stand as follows : — 

(1) N. E. ordinary. Es. 710 per candy (784 lb.), spin- 

ning 8’s; the same day’s value of hengals, 

Es. 730. 

(2) N. E. black-seeded. The same as Eo. 1. 

(3) K.22 from Cawnpore. Es. 800 per candy, spin- 

ning 14’s. 

(4) Sindewahi Cross. Es. 825, spinning 16’s; the 

same day’s value of khandesh and akola being 

Es. 760 and Es. 800. 

Comparative tests have been carried out between 
Broach Deshi and ghogari at the Broach Experiment 
Station. Much work remains to be done on the former to 
bring it even on a par with ghogari. The following state- 
ment demonstrates conclusively the formidable competition 
between troach and ghogari and the Department will have 
to strain every nerve to prevent the latter from ousting 
hroach altogether. 


Statement of the results of alternate trials of Ghogari types versus 
Broach Deshi. 


1 

1 Yield of 

VaTi<>fcy 0 cotton | 

1)01 acre 

1 

Ginning 
pereen- 
•tege 1 

No. of 
seeds 
per tola 

Yield of 
lint per 
acre 

Yield of 
seed per 
acre j 

Gross hone-st vai,ttb 
PER ACRE 

Total 
gross 
income 
per acre 

Lint 

according 
to valu- 
ation 

Seed 

lb. oz. j 



lb. oz. 

lb. 

Its. A. P. 

Ks, A, P, 

jRS. A. P. 

Broach Deshi . '17:5 14 

32'3 

231 

56 5 ; 

119-37 

68 7 4 

5 3 6 

?S 10 10 

Ghogari A type ■ ; jl<i7 ■ 7- 

43-1 

236 

72 2 

95-88 

75 15 7 

4 2 10 

SO 2 5 

Cthogari,B'8 type .1168 10 

43-8 

241 

70 .5 

88-12 

75 1 4 

' 3 12 3 

78 IS 7 

Ghogari E'15 type. _ i 184 7 

:V40-8 ! 

238 

77 0 

87-43 

81 0 6 

3 13 4 

84 13 9 


In the Dhollera tract samples of the principal types 
were taken from general crops and valued in order to 
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adjudge their respective merits. With dhoUera of the day 
standing at Rs. 900, cotton from irrigated laUo was 
valued at Rs. 815, spinning 14’s to 16'‘s; that from purified 
laFw at Rs. 880, spinning 20'’s; and from pure ivagad 
Rs. 850, spinning 16’s. 

In the Junagadh State, two years ago, selections were 
made in mathio. These were put out last year, but owing 
to the unfavourable character of the season it is premature 
to say anything on the relative merits of the different types. 
The Sindewahi Cross is also being tested there. 

At Ajupura, in the Thasra Taluka of the Kaira Dis- 
trict, where cotton is being grown on newly broken up 
grass lands, experiments were made with four different 
sorts of cotton to test the most suitable type for this part 
which is a new extension of the tract. 

The prospects of the successful introduction of a high 
class selection of Surat cotton into this part are very 
favourable, but the data are not yet sufficient to indicate the 
most suitable. 

At Surat, while' the ordinary local cotton gave a profit 
of Rs. 167 per acre. Selection IT gave Rs. 214, Selection 
I-A, Rs. 200, and Selection 1027 A, L. P., Rs. 184. 
The last named was considered in the Bombay market to be 
superior even to navsari and was valued at a premium of 
Rs. 35 per candy. There is no doubt that these strains are 
all superior to the local product and when the difficulties 
incidental to the distribution of seed of improved cottons 
on a large scale are overcome the Surat-Broach tract bids 
fair to supply a very high class cotton. 

Southern Mahratta Country. Sholapur and the north- 
ern part of the Bijapur District, by growing uegUctvMs, 
have become merged into the Khandesh tract ior commercial 
purposes, and the testing of Kumpta-Dharwar varieties 
is confined to Satara, Belgaum and Dharwar districts and 
the lower part of Bijapur. 

The experiments with kum-pta, which are confined to 
the Dharwar farm, gave the following results : — With 
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kumi)ta ordinary crop, taken for comparison, and yielding 
a profit of Rs. io6 per acre, kunifta selected for tall com- 
pact growth gave Rs, 149, kuwpta bushy type, Rs. , 184, 
and two kimpta crosses, Rs. 149 and Rs. 141 respectively. 
A kunifta crossed with hroach type gave Rs. 161, and a 
selection of hroach gave Rs. 12i, The kurnpta selected 
is being grown on a field scale for distribution to the culti- 
vators amongst whom it is becoming increasingly popular. 

At the Gadag farm, which is the centre for trials with 
the American types, all evidence points to the superiority 
of the Upland over the Few Orleans variety, the selection 
of the former giving a profit of Rs. 218 per acre and of the 
latter Rs. 149 against Rs. 164 for ordinary Dharwar- 
American per acre. As the value of the Upland type be- 
comes more clearly realized it is expected that the mixture 
of ISTew Orleans will gradually disappear from cultivation. 
The Cambodia selection was valued on a par with ordin- 
ary Dharwar- American giving a profit per acre of Rs. 160. 
It is difficult to maintain Cambodia in a pure state as it 
cannot be readily distinguished from Upland Dharwar- 
American. 

In the auction sales, which were conducted by the Co- 
operative Sale Societies, assisted by the local members of 
the Bombay Agricultural Department, the crops of Dhar- 
war-Broach and Cambodia were disposed of. Each was 
arranged in grades based on the ginning percentage, and 
from the remarks of Messrs. Tata & Sons it was found that 
this arrangement was also accompanied by definite grades 
01 qaality. 

The Central Provinces and Berar. 

At the Akola farm, the last two seasons have been un- 
favourable for the cotton crop and under these conditions 
buri has yielded a good profit, Rs. 118 per acre, Berar 
jaH, Rs. 71, and roseum, Rs. 67-12, The first was origin- 
ally introduced from Chota Nagpur where the rainfall is 
copious, the second enjoyed the advantage of being a mixed 
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crop of whicli some of tlie members withstand a wet season, 
and the third is doubtfully resistant to adverse conditions. 

Burma. 

The varieties of cotton grown in Buriiig- are the follow- 
ing 

(1) Wagale {Gossyfimi mcjlactiim v. Btmnawmm) 
with yellow flowers. 

(2) Wapyu {Gossyfimn negleotimn amnse) with white 
flowers, said to produce a longer boll and whiter lint. 

(3) Wani {Gossypium ‘ neglectum v. kokatia), jqHow- 
flowered, but the cotton is khaki wdiich is chiefly used in the 
making of jackets. 

Scattered plants of this type may be found in the local early 
cotton crop and the pickings contain a slight admixture of 
this drab cotton, which is usually partially sorted out 
before the stuff is ginned. 

The naked eye is unable to detect any difference in the 
shape and size of the plant of these three forms until the 
(2) and (3) come to flower and to pickings. 

(4) Wagyi {G. obtusifolmm v. Nanking). This is 
grown in Prome and Thayetmyo districts and occupies the 
ground for full nine months. The quality of cotton is 
superior to the local early type wagale. 

(5) Pasi cotton (local Kachin name) (Gossypium neglec- 
tiim V. cernuum)^ yellow-flowered. This is similar to the 
small boiled form found in Khasi and Jaintia hills of 
Assam, and as it is grown in the same waj^, in all probability 
the seed must have been brought from these hills. This is 
sparingly grown by the Kachins in hills of the Namyin 
Valley of the Myitkyina District. A thin jungle is cleared 
and seeds broadcasted along with paddy and vegetable 
seeds. All these crops come to maturity in succession, 
cotton being last so that the pickings are not interfered 
■with. The land is abandoned after taking the first year’s 
produce. 
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(6) Sin'll! State cotton. The plants are reported to be 
identical with those of the local cotton wag ale, but the 
quality of cotton ivS far superior to any of the races found 
in Burma. The quality of cotton is almost on a par with 
fcm svji'at and can spin up to 30’s. The ginning percent- 
age, however, is said to be only 28 which is far too low to 
attract attention, but the percentage of cotton to seed of a 
sample brought from Aimgban (Southern Shan State) and 
tested in the office laboratory was found to be 33-5. 

(7) Pernambuco cotton (G. hrasiliense), kidney or chain 
seeded. This is not found on a field scale anywhere excejit 
that it exists as an ornamental plant in gardens here and 
there. It is said that a few years ago trials were made 
with this variety near Moulmein but the cultivation had to 
be abandoned on account of its failure on a field scale. 

Of these varieties the first, wagale, is the most import- 
ant, forming the bulk of Burmese cotton. The quality of 
cotton as determined by Messrs. Tata & Sons is midway 
between hengal and khandesli. f 

Wagyi is no doubt superior in point of quality, but the 
longer period required by it will not suit a Burmese culti- 
vator whose land must be got ready in the hot weather. 

Experiments with Egyptian and Upland Georgian were 
conducted for two or three seasons on the Mandalay and 
Biigi Stations, but though the germination was good the 
crop was a failure and the trials had to be abandoned. 

Some authorities maintain that -the Burma cotton « 

crop contains a proportion of fairly long-stapled cotton * 

which if carefully picked and grown separately would be ' ? 

as valuable as the best Indian cottons and command an ‘ m 

equally good pjice. 

With this end in view the study of cotton has been taken 
up seriously by the Department. The Tatkon farm in 
the Yamethin District and Padu in Saigaing District are 
both devoting attention to this crop. 

Of the type wagaU a large number of single plant 
selections were made and isolated in i914 and their ginning 
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percentage determined; variation was observed and the 
best were kept and grown in 1915 and since then the pure 
strains are grown. 

Wagale on the Tatkon farm now gives a ginning per- 
centage of 36 and avense up to 42. 

In the case of wagyi, from a single plant selection a 
strain has been isolated w^hich gives 45 or about 6 per cent, 
higher ginning percentage than the unselected crop. Mr. 
McKerrel thinks that these cultures will maintain their 
superiority and thus seed wall be available for distribution 
purposes in the near future. 

Cambodia on the Tatkon farm and Utopia (Hew Orleans 
type) on the Padu farm did not show promise. The former 
is considerably subject to insect pests and red leaf blight 
and the latter appeared to be a very poor yielder, bolls do 
not open properly and it is particularly attacked by 
insects. 

Some crosses with wagyi and broach have been made to 
replace which ripens late, but it is doubtful whether 
these crosses will remain fertile. 

On the Tatkon farm, a very promising cross between 
Shan State cotton and wagale, var. amnse, is made; this 
strain has a ginning out-turn of 40 per cent, as compared 
with S3 in ordinary wagale. The testing of this. strain 
on a field scale will in a short time throw sufficient light on 
the cotton question in Burma. 

It is certain that a great advance can be effected by 
selection of the local types alone. 

In order to increase the area under cotton it is essential 
that the grower be given a reasonable price for the produce, 
ginneries be opened in suitable tracts to induce keen com- 
petition among buyers, and that the cultivator should use 
the drill in sowing, thus saving a lot of seed and rendering 
after cultivation easier whereby the crop will grow even 
and should give a better out-turn. 

Acknowledgments. Thanks are due to Messrs. Tata & 
Sons for their generous help in passing judgment on all the 
samples submitted to them. 
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III. Programme of work for the year 191 8-19. 
Major. 

(1) To visit and advise on points regarding cotton and 

its cultivation whenever required to do so by 
the Provincial Departments of Agriculture. 

Minor. 

(2) The study of the behaviour of hhuri, Cambodia 

and other such cottons in non-cotton-prodiicing 
tracts, as detailed in the last year's programme, 
will be continued. 

(3) An enquiry into the manurial requirements of 

cotton will be made. 

(4) Researches on the botany of cotton will be con- 

tinued. 
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EEPORT OF THE DIRECTOR. 

(G. A. D. Stuart, I.C.S., and E. J. Butler, M.B, F.L.S.) 

I. Charge and Staff. 

Charge. Mr. J. Mackenna, C.I.E., I.C.S., held charge 
of the office of the Agricultural Adviser to the Govern- 
ment of India and Director, Agricultural Research 
Institute, Pusa, up to the 2nd October, 1918, and again 
from the 4th November, 1918, to the 12th April, 1919, 
when he proceeded on 6 months’ privilege leave. Dr. W. 
H. ITarrison acted as Agricultural Adviser and Director 
from the 3rd October to the 3rd November, 1918, and Mr. 
G. A. D. Stuart, I.C.S., assumed charge from the 13th 
April, 1919. 

Dr. E. J. Butler, M.B., F.L.S., has been appointed Joint 
Director of the Institute, in addition to his duties as 
Imperial Mycologist, from the 20th January, 1919, and the 
appointment of the Assistant to the Agricultural Adviser 
to the Government of India held by Mr. Wynne Sayer, 
B.A., has been temporarily placed in abeyance from the 
same date. 

Staff. Dr. E, J. Butler, M.B., F.L.S. , Imperial Myco- 
logist, was on deputation to the Federated Malay States, 
to report on the Agricultural Department there, from the 
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Sth July to the 13th November, 1918. During Ms absence, 
01'. F. J. E. Shaw, A.R.C.S., F.L.S., officiated as Imperial 
Mycologist, and Mr. J. F. Dastur, M.Sc., then First Assist- 
ant ol tl].e Mycological Section, acted as Second Imperial 
Mycologist. Mr. Dastur has since been appointed to the 
Indian Agricultural Service as Supernumerary Mycolo- 
gist arul deputed to England for fifteen months for train- 
ing. 

Mr. G. S. Henderson, ' N.D. A., N.D.D., was confirmed 
in the appointment of Imperial Agriculturist from the 1st 
March, 1918. On the termination of his temporary duties 
as Controller (Agricultural Requirements, Mesopotamia) 
nil dec the Indian Mimitions Board on the 22nd June, 1919, 
he proceeded on six months’ combined leave. Mr. Wynne 
•Sayer ofiiciates as Imperial Agriculturist from the 20th 
January, 1919. 

Mr. F. M. Howlett, B.A., F.E.S., Imperial Pathologic- 
al Entomologist, was deputed for a period of 6 months 
from the 24th January, 1919, under the Indian Research 
Fund Association to conduct experiments with mosquito 
repellents. 

Mr. J. H. Walton, B.A., B.Sc., on the termination of 
his duties under the Military Department, reverted to his 
appointment of SiipeiTiimierary Agricultural Bacterio- 
logist on the 10th April, 1919. During Mr. Walton’s 
absence of nearly four years he saw active service with the 
armies in Mesopotamia, Egypt and Palestine. 

Captain W. Hodgkinson, R.E., worked in the labora- 
tory of the Imperial Agricultural Bacteriologist through- 
out the year, in collaboration with that officer in electrical 
methods of water sterilization. 

Mr. J. Sen, M.A., E.C.S., Supernumerary Agricultural 
Clicruist, continued throughout the year on deputation 
rjiuei’ the United Provinces Government. 

M.r. M. Afzal Hussain, B.A., M.Sc., who .has been 
appointed lo the Indian Agricultural Service, was posted 
to Piisa as Siipernumeraiy Entomologist from the 6th 
January, 1919. ■ . 
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II. Work. OP the Institute. 

Scientific work. The scientific work of the Institute 
during the year is described in the reports of the various 
sectional hea.ds. The more important investigat.io.iis ivere 
the following : — 

On the Pusa farm, which is managed by the Imperial 
Agriculturist, besides carrying out manurial, rotational 
and varietal tests, the economics of steam cultivation are 
being studied. In view of the favourable reports of 
motor cultivation from home, a Fordson motor tractor wns 
obtained during the year. A demonstration of its work- 
ing was given in the presence of a large number of people 
from all parts of India. The tractor worked with imple- 
ments in use on the farm and did all that it was asked to 
do in excellent style. Experiments are in progress to 
determine working costs, etc. The work on the breeding 
of pedigree herds of cattle is increasing in importance. 
Besides the pure Montgomery and half-bred Ayrshire x 
Montgomery herds, there are now three-quarter-bred, 
double cross-bred and quarter-bred calves on the farm. 
Careful observations and records are being kept with a 
view to collecting data as to hardiness, milk yield, etc., of 
the various crosses. A series of calf-rearing and feeding 
experiments are also in progress. During November, 
1918, 169 cattle were inoculated against rinderpest by the 
serum simultaneous method, without any casualties. The 
demand for the surplus stock disposed of at the half- 
yearly sales was very brisk and high prices were realized. 

In the Chemical Section, further investigation was 
made as to the value of Dyer’s method in estimating avail- 
able phosphoric acid when applied to calcareous soils. 
Attention was also directed to the retention of phosphoric 
acid in calcareous and non-calcar eons soils. The influence 
■of windrowing on the sugar content of sugarcane in the 
Peshawar valley and the direct and indirect action of green 
manures in I’eiation to paddy cultivation were other im- 
portant investigations in progress in this Section. 
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Besides creating new centres of distribution of Pusa 
12 and 4 which are now preferred to the country wheals 
wherever they have been introduced, the Botanical Section 
reached during the year an important stage in the breed- 
ing of rust-resistant wheats. Many new forms which are 
characterized by strong straw, rust-resistance, good stand- 
ing power and heavy yields have been fixed, and these are 
being tested on a field scale. The Howards’ experiments 
in water saving in wheat growing have shown that if the 
texture of the soil has been improved and if the surface 
has been properly graded, extremely heavy crops are possi- 
ble wdth a comparatively small volume of irrigation water. 
The agricultural side of the indigo problem continued to- 
be studied in this Section. The eft’ect of drainage on crop 
production and the pollination of Indian crops were some 
of the other lines of work on which Mr. 4nd Mrs. Howard 
were engaged during the year. 

The Ufra disease of rice, the black band disease of 
Jute, sugarcane smut, the pigeon pea wilt and the diseases; 
of chilli principally engaged the attention of the Myco- 
logical Section during the year under report. The various 
diseases affecting fruit trees are also under study in the- 
orchards in the Kumaon hills, and spraying experiments 
are being carried out both there and in Peshawar. 

■ In the Entomological Section, besides working in deter- 
mining the relative immunity of certain varieties of cotton 
from boll worm attack and studying the borer pests of 
sugarcane and other graminaceous plants, special atten- 
tion Avas paid during the year to the collection of infor- 
mation regarding fruit-pests. It has been ascertained 
that the "Tiikra ” disease of mulberry is caused by a 
mealy-bug, and that the affected apical leaves if fed to 
mulberry silkworms assist iii inducing flacherie. The- 
enquiry regarding the occurrence in the Indian Empire of 
any insects which may be used as efficient checks on the 
growth of Laritana was completed during the year and the 
I’esiilbs are being published separately. The work in con- 
nection wdth bees, lac and silkworms was continued. 
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Practically throughout the year, Mr. Howlett, Imperial 
Pathological Entomologist, was on special duty in connec- 
tion, firstly, with the prevention of siirra-transinission by 
Tabanidae, more particularly among ti’ansport camels, 
and, secondly, with the improvement of existing ciilicifuges 
for military use. Reports on the work in these two direc- 
tions have been submitted to Government. 

Problems of soil biology under investigation in the- 
Bacteriological Section during the year under review 
were: — (1) Seasonal variations in nitrification in soils, 
under crop and fallow; (2) different rates of nitrification 
of various organic materials in soil; (3) inhibition of nitri- 
fication by toxins resulting from anaerobic incubation of 
soils; (4) green-manuring; and (5) fixation of nitrogen by 
legumes. Among enquiries of industrial value, Mr. 
Hutchinson, besides continuing his work on indigo and the 
pebrin disease of iilkworms, succeeded during the year, in 
collaboration with Captain Hodgkinson, in producing a 
solution containing 3-4 per cent, available chlorine by 
electrolysis from purely Indian raw materials, for the 
sterilization of water. The solution can be prepared any- 
where where electric current is available without expert 
knowledge either of chemical or electrical methods. 

The work done by the Indigo Section is published in' 
a special series of Indigo Publications started by the 
Institute. A separate annual report has therefore not 
been considered necessary. 

Training. A number of post-graduate students 
attended the Institute during the year and short courses- 
were given in sericulture and lac-culture : — 

Number of students 


General Agriculture - , . . • • . 2 

Agricultural Ckemistry , . . . . .1 

Mycology . . • • • . . . . 2 

Economic Entomology ... . . . 2 

Agricultural Bacteriology (meluding bacteriological 
teclinique in silkworm disease) . . • . 2 

Sericulture ... . . ... 4 

Lac-culture . • • • . . • • S 

. , : Total ■.16' 
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Ik'sides tiie regular students, Mr. S. N. Bal, Assistpit 
ik-cd'es.^or ol: Botan}^ Science College, Calcutta University, 
spent about a fortiiigiit in tbe Mycological Laboratory in 
Marcli and April as he proposes to take up mycological 
v-ork ill Calciitta. 

III. PUBUCATIONS. 

Six Memoirs, 13 Bulletins (including three reprints 
ojid one veruacular version), and three Indigo Publications 
were issued during the year, while ten publications were 
in the press at the close of the year. 

The demand for the Bulletin on “ Insecticides, Mixtures 
and Recipes for use against Insects in the Field, the 
Orchard, the Garden and the House continued, with the 
result that it had to be printed a third time during the 
year. A Bengali version of Bulletin No. 46 on Bee- 
keeping, written in language simple enough to be under- 
stood by the village folk when read by themselves or read 
out to them, was issued during the 3 ''ea.r and the whole 
edition rapidly sold out. 

The Agricultural Journal of India in its new form 
continues to gain in popularity, and it became necessary 
during the jea.T to increase the print order by 260 copies. 
It is proposed to issue the Journal bi-monthly, instead of 
quarterly, with the commencement of the New Year. All 
the present features will be maintained, but no increase 
will be made in the annual subscription. 

IV. General Administration. 

Buildings and works. The bungalow for the Electri- 
cal Engineer referred to in last year’s report rvas completed 
during the 3 ''ear. The construction of quarters for the 
First Assistant to the Imperial Mycologist as well as for 
the staff of the Pusa High English School will be begun as 
soon as the necessary materials are available. Necessary 
fiindiS have also been allotted for the construction of a 
building for the Post Office and a rest house for Indian 
visitors. A pumping set has been installed on the river 
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Ganclak to tide over tlie period until a more satisfactory 
scheme of irrigation can be worked out. 

Library. In addition to the 1,656 bulletins, memoirs, 
reports, books and reprints received in exchange, 457 new 
volumes were purchased during the year. A fourth edi- 
tion of the catalogue of the library is in the press. 

Pnsa School. The total number of pupils attending 
the Pusa High English School on the 30th June, 1919, was 
192 as against 160 on the corresponding date of last year. 
Of the 11 students sent up for the Matriculation Examina- 
tion of the Patna University, seven were successful. 

General health of the station. Although the neigh- 
bouring villages suffered severely with the rest of India 
from the influenza epidemic, it was noteworthy that the 
number of cases on the Pusa estate were relatively few and 
there was not a single death. This was not a little due to 
the precautionary measures taken by the Medical Officer, 
Mr. S. Gupta, and his staff, who deserve great credit. 
Medical relief was afforded to 19,938 out-patients and 203 
in-patients in the hospital and dispensary attached to the 
Institute during the year under report. 

V. Accounts. 

The total expenditure during the financial year 1918- 
19 was Rs. 6,06,640, as against Rs. 5,81,723 during the 
previous year. The details are given below: — 


Office of the Agricultural Adviser aud Director 

2,35,301 

Cliemical Section . . . . . 

38,129 

Mycological Section . . . 

42,954 

Entomological Section . . . . 

55,073 

Pathological Entomological Section . 

38,131 

Bactoriological Section . ... 

32,860- 

Botanical Section . . . . . . 

50,327 

Agricultural Section . . . . 

63,694 

Indigo Research. Section . . . . 

50,271 


Total 


6,06,640 
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A sum of Rs. 15,000 was paid as a grant-in-aid to the 
Indian Tea Association. 

The principal items of expenditure under the annual 
grant of Rs. 10,000 placed at the disposal of the Agricul- 
tural Adviser to the Government of India for special 
agricultural experiments were as follows: — 


Purcliase of a corn crusher . . . . . 655 

Purchase of a chaff cutter . . . ... 596 

Piircbase of caiivas paulins for the Pusa Tarm . 652 

Paid to the Director of Agriculture, Bengal, for the 
cost of a mechanical fibre extractor . . . 1,45T 

Experimental cotton cultivation by the. Imperial 
Cotton Specialist . . . . . . 1,200 

Pay of a Yeterinary Assistant in connection with 
cattle breeding and that' of a Fieldman for 
mosquito experiments Ij431 


The gross receipts during the year from the sale of 
farm produce, milk, publications of the department and 
other articles amounted to Rs. 21,403 as against Rs. 19,843 
in the previous year. 

VI. Conferences. 

The Government of India having accepted the 
recommendation of the tenth meeting of the Board of 
Agriciiiture in India held at Poona in 1917 that section- 
al meetings of mycologists, entomologists and chemists be 
held in years in which there is no meeting of the Board of 
Agriculture, such meetings were held at Pusa in February, 
1919. In accordance with the recommendation of the 
Board, they were not confined to members of the Agricul- 
tural Department. The Indian Tea Association and 
Portuguese India were represented at both the Mycologic- 
nl and Entomological Aleetings, whilst the Forest Zoologist 
attended the Entomological Meeting. The latter meeting 
also attracted visitors from outside India, the Egyptian 
Government sending an official delegate in Dr," Lewis 
H. Gough, Director of the Entomological Service in Egypt, 
and Mr. R, Senior- White attending from Ceylon. Detail- 
ed proceedings of these meetings are being issued. 
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A cattle conference was also held at Pnsa during the 
year, -when several problems connected with the Pusa dairy 
herd were discussed. 

VII. Visitors. 

The most notable visitor during the year was His 
Excellenc};^ the Viceroy. This was the first time that the 
Institute was honoured by a visit from a Viceroy. Lord 
Curzon had previously visited Pusa, but he came only to 
lay the corner stone of the splendid building which houses 
the various laboratories of the Institute. His Excellency 
Lord Chelmsford, who %vas accompanied by the HonTle Sir 
Claude Hill, Member in charge of the Eevenue and Agri- 
culture Department, spent three busy days (4th to 6th 
January) in going over the various Sections and evinced 
much interest in all that he saw. 

In all about 165 ladies and gentlemen visited the 
Institute during the year. These included : — 

Lieutenant- Colonel F. H. G. Hutchinson, M.B., I.M.S., 
Sanitary Commissioner with the Government of India; 
Dr. C. A. Bentley, M.B., D.P.H., D.T.M. & S., Sanitary 
Commissioner to the Government of Bengal, Mr. P. J. 
Hartog, C.I.E,, M.A„, B.Sc., L-es-Sc., Academic Registrar 
of the University of London and Member of the Cal- 
cutta University Commission; Professor C. V. Raman, 
M.A., Palit Professor of Physics, Calcutta Univer- 
.sity; Mr. A. B, Shakespear, C.I.E., of Messrs. Begg 
Sutherland & Co., Cawnpore; Mr. G. E. C. Wakefield, 
O.B.E.., Director General of Industries, ' Agriculture and 
Commerce, Hyderabad (Deccan); Lieutenant- Colonel 

Milton, xAssistant Director of Grass Farms, Meerut; 
Lieutenant- Colonel J. Matson, Assistant Director of Mili- 
tary Farms, Northern Circle, Ambala; Major V. B. Nes- 
field, F.R.C.S., I.M.S.; Captain Froilano de Mello, Director 
o! the Bacteriological Laboratory, Goa, Dr. L. H. Gough, 
Director of the Entomological Service, Egypt; Mr. S. 
Higginbottom, Director of Agriculture, Gwalior; Mr. C. 
F. C. Beeson, M.A., Forest Zoologist, Forest Research 
Institute, Dehra Dun; Mr. J. G. Nag, Senior Professor of 
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Botany, Presidency College, Calcutta; Mr. E. A. d’Abreii, 
F.Z.S., Curator of the Central Museum, Nagpur; Mr. C. 
C. Moncktoii, of Nairobi; Mr. R'. ^Senior- While, P.E.8., 
Matale, Ceylon; Kumar Chandreswar Prasad Narayau 
Singh of Sursaiid and Syed Shafael Hussain of Gaya. 

Among other visitors were officers of the various Pro- 
vincial Departments of Agriculture, and planters and 
zamindars of estates surrounding Pusa. A party of 
students from the Sabour Agricultural College, under two 
Assistant Professors, also visited the Institute during the 
year. ■>: 
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BEPOBT OF THE IMPERIAL AGRICULTURIST. 

(Wynne Sayer, B.A.) 

I. Charge AND Training. 

I was in charge of the Farm, in addition to my duties 
as Assistant to the Agricultural Adviser, up to the 20th 
January, 1919. From that date I have been officiating as 
I||iperial Agriculturist. 

Training. Mr. Kalyan Mai Banthia was under train- 
ing in agriculture and cattle work during the year. 

B. Dalip Singh, an Overseer from the Karnal Military 
Dairy Farm, was admitted to a course of six months’ prac- 
tical agriculture on the farm from 30th May, 1919. 

Conference. A Cattle Conference was held at Pusa 
on 17th and 18th February, 1919, when several matters con- 
nected with the Pusa herd were discussed. 

II. Pusa Farm. 

The Season. The year 1918-19 was remarkable for 
early rain in May followed by a heavy rainfall for the year, 
60*19 inches being registered as against 45*54: inches for 
last yea,r. But the distribution was so uneven that it was 
by no means a good year. The failure of the hathia in 
October told heavily upon the rcibi^ crop which was only 
saved from disaster by a short rain in January, too late, 
however, to affect the main crop to an appreciable extent. 
Floods started on the 1st June which is unusually early, 
and heavy rain on the 25th and 26th of August accompanied 
by strong winds laid most oi the maize, and, in short, the 
record of the vrhole season goes to prove that it is the dis- 
tribution far more than the actual quantity of rain that 
counts from an agricultural point of view. 

* Crop sown in winter. 
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I give below the rotation under which the farm is 
woi'keci, and a, reference to the plan of the a,rable area 
printed opposite will assist the reader. 


1 1st year I 

2nd year 

3r(l year 

Eliarif’^ 


. . i Mai/.e for silage 

1 and fodder 

Maize for corn 

Pulse green crop 

Ra])i 


, , : Oats 

1 

Rahar (Cajanus 
indicus) 

Oats 


* CVop sown in monsoon. 


The object of this rotation is to work the land to the 
best advantage and provide grain and fodder for the herds. 

The cattle are soiled on the third year pulse crop and 
this practice is showing good results on the higher lands. 

The cropping of the various fields on the farm is shown 
on the plan and is here dealt with in detail. 

By arrangement with the Controller of Agricultural 
Requirements for Mesopotamia, Poona, an extra area was 
put down under oats in order to provide seed for Mesopo- 
tamia. . . ■ . 

1st year rotation. A dressing of 10 tons farmyard 
manure or 10 maunds cake is given and the land is put 
under maize or juar (A. Sorghum) for silage or fodder 
follovred by oats in the 

Four fields aggregating 132 acres were sown with maize 
and jiiar. The liest yield was from Chan man wlicre 17 
acres gave SM maimds per acre, and the average yield 
throughout was 200 maunds per acre. The same fields 
under oats in rain, with the exception of 16 acres left 
fallow for levelling, gave an average yield of 14 maunds 
per acre, the best yield being 16 maunds per acre from 
Brickfield INTo. 1. 

The working costs for the year for both crops came to 
Rs. 43 per acre and the return Rs. 130, giving a, working 
pront oX Es, S7t per acre for the year. 



PLAM OF ROSA FARM 
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2nd year rotation. No manure is given here. Maize 
and rahar are sown together and the raliar stands for the 
nibi, thereby saving ns a coiisidercible nnioiint of cultiva- 
tion at the busiest time of the year. One liimdred and 
thirty- three acres were sown, 03 standing under maize and 
rahar and 40 under jute which is grown for the Fibre 
Expert and is taken in the second year rotation. Cultiva- 
tion costs were Rs, 23 per acre for the year, and the return 
Rs. 100, giving a profit of Rs. 77/ 

This was a good year for ■mhar and the best field Gohree 
gave 14f maunds, and the average over all was nearly 12 
maimds. The maize did badly owing to hea\y rain at the 
wrong time, and the best yield was only 10 J maunds per 
acre from Gohree. As is usually the case with crops sown 
together, we made on one lyhat was lost on the other, a most 
important thing considering the large number of cattle 
dependent on the farm for grain. 

3rd year rotation. Here pulse crops are sown in Jcharif 
for feeding ofi on the land. One hundred and thirty- four 
acres were put down under guar, or cluster beans 
(Cyamofsis fsoralioides), soy beans, cow peas, velvet beans 
and math {Phaseolus aconitifolius), and the cattle were 
penned on a small area daily. The early Hooding of the 
rdhah grazing area brought the cattle on to the soiling 
crops early in the season and by close hurdling the whole 
area was thoroughly gone over, 230 head of cattle being 
put on an average of 1-13 acres daily and the soiling con- 
tinuing for 78 days. G%iar is the most satisfactory pulse 
for soiling. Cattle eat it readily and it is not difficult to 
bury green, while it smothers the land satisfactorily while 
standing. The usual troubles of hurdle breaking and 
boven were in evidence and the young cross-bred bulls 
were troublesome when near the cows, but the results on 
the land and sncceeding crops fully justified the close soil- 
ing, and it is to be recommended to any one who runs a 
herd of cattle in connection with an arable farm, the 
saving in labour of cutting and carting the green crop 
,alone being considerable. A decent- hurdle not too heavy 



14 SCIENTIFIC REPORTS OF THE AGRICULTURAL RESEARCH 

and yet strong enough to stop cattle has yet to be evolved.- 
Ideal fencing was tried and proved useless while bamboos- 
were iiiiich too light. 

Oats followed the pulse crop over 105 acres, a small area 
being in wheat. One maund of superphosphate was given 
at the time of sowing. The best yield wms 19 maunds an 
acre from Phatak and Nepali fields and the average yield 
was 15 maunds. Wheat averaged 13 maunds per acre on 
the whole area. Working costs were Es. 26 per acre and. 
the return Es. 93. 

Sugarcane. The usual area, 8 acres, was put under - 
cane and 16 varieties were planted. The cane is grown 
without irrigation, 27 maunds of rape-cake being applied 
per acre, half given at planting and the remainder at first 
ridging on the break of the monsoon. The cane yield aver- 
aged 611^ maunds per acre and was sold green at 8 annas- 
per maund to the factory direct. 

The cost of cultivation was Es. 126 per acre and the 
return Es. 305. 

Sixteen varieties were grown. Among the thick canes 
were Sathi, Purple Mauritius and Kaludai Budan ; while- 
J. 33, J. 36, Mungo, Yuba and Saretha did well among the- 
thill varieties. 

Twenty-three varieties from Dr. Barber, Government 
Sugarcane Expert, were also grown for comparative tests 
and those that did well are being tried on a, larger scale. 
All cane planting, except placing the setts and manure in 
the furrow, is done by bullocks and. the saving in labour is 
considerable, vsdiile the return made on this area shows 
clearly that cane grown in this fashion will do well; the 
thick varieties in particular averaging out excellently. 

Jute is grown on the farm for seed by arrangement w- ith 
the Pibre Expert and the seed after being treated with 
copper-sulphate is sent out to Bengal, Till last year the 
crop was grown on the main area of the farm but as it was 
impossible to spare this class of land from fodder crops for 
the cattle it was sown this year in Goojarmalla, a field lia.ble 
to be flooded, being outside the protective embankment, and 
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therefore unable as a rule to hold a kJiarif crop. This 
being the first year Jute has been sown there, the season has 
retaliated by being exceptionally free from floods. It 
looks however as if the present arrangement ivill have to 
terminate as the whole area is required to meet the ever 
increasing needs of the farm herds. 

Experimental work. This work was continued in the 
two fields, Punjab and North Pangarbi, set apart for the 
purpose. 

(«) The permanent manurial and rotational experi- 
ments were continued. A proposal for discussion of all 
results so far obtained and consideration of the question of 
the continuance of the experiments has been placed on the 
agenda at the next meeting of the Board of Agriculture 
when the matter will be thoroughly dealt with. 

(h) The green-manuring experiments, run in collabora- 
tion with the Imperial Agricultural Bacteriologist, were 
carried a step further in the testing of the residues. The 
yields from the difierent plots from the beginning are given 
“ below : — 


Particulars 

Yield 
of oats 
(grain) 
per acre 
in 1917 

Yield 
of green 
maize 
per acre 
in 1918 

Yield 
of oafs 
(grain) 
per acre 
in 1918 

Particulars 

Yield 
of oats 
(grain) 
per acre 
in 1917 

Yield 
of green 
maize 
per acre 
in 19 IS 

Yield 
of outs 
(grain) 
per acre 
in 3 918 


After 

green 

manure 

After 

oats 

After 

maize 


After 

green 

manuro 

After 

oats 

After 

maize 


lb. 

Ib. 

lb. 


lb. 

lb. 

lb. 

'3 times saii-hemp 

fennentod with 3 
cwt. superphosphate 
per acre. 

1,977 

®1,T48 

1,131 

3 time.'i san-heuip 
fermented willioiit 
supeijjliOTpii it( . 

1,485 

21,091 

1,168 

6 times saxl-homp 
fcrmoiited with 3 
cwt. supcrpliosphate 
per aero. 

2,643 

■ 

29,501 

1,564 

6 times .sau-ln mj) 
fermented without i 
S'lipcrpliospliate. 

1,501 

27,793 

1,094 

San-heinp ploughed in 
with 3 cwt, super- 
pliosphatc per acre. 

2,080 

20,960 

764 

San-hemp idoughed 
in witlioiit sxiper- 
^ phosphate. 

1,259 

20,801 

690 . 

Superpho-sphate alone 
at 3 cwt. per acre 
witliout green ma- 
nure. 

1,185 

20,196 


Jfo superphosphate, 
and no green 
m a ure. 

(There are 3 such plott 

1,040 

i. Averagi 

18,895 

3 of these 

066 

entered.) 
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Should the maize yields this season show that the plots 
are still holding a r«idue, the entire series will bo put 

under oats in rahi. 

(r) Tile experiments, in collaboration with the Imperial 
Mycologist, regarding a method of dealing with “die- 
back in chillies were continued. 

(fl) Twenty- three varieties of wheat from selected 
strains were under trial. The average yield per acre I’roiii 
all varieties ivas 15| maimds but a great deal of rust was 
observed on several varieties, those from Jubbiilpore being 
especially bad. 

Late ripening also put several other varieties out of 
court. 

The best yields were as follows 



Mds. 

Seers' 

GO 

. . . . 2G 


Smcllii Pissi 

. ' 22 

2T 

Maroo Booji (Sindlii) 

. . . . 20 

28 

Lai of Jlielimi . . 

. . . . 10 

07 

Pusa 12 , . . 

. 19 

■81 

Pederation 

. . .10 

ar 

Federation which was said to be too late in ripening for 


Bihar, distinguished itself by being ripe at the same time 
as Pusa 4. It was harvested from 16th to 21st March, 
while Pusa 4 was ha.rvested between 13th to 20tli March. 
But its yield was disappointing and further tests will be 
carried out in which the new variety of improved Pede ra- 
tion (Hard Pederation) which is said to bo a distinct 
improvement on the present wheat will be tried. Much, 


interest ivas taken in the 2 acres of Pederation grown on. 
the farm and seed has been given out to several planters 
and also to the Director of Agriculture, United Provinces, 
for trial. The stiffness of its straw is one of its iviost 
noticeable points. I have myself seen a big block of this 
wheat which ultimately gave 40 maunds per acre, standing 
after heavy wind and rain without a straw down; and as a 
stiff straw .is an essential for a heavy yield, this wheat will 
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be found capable of giving a big return on lands wliicli will 
lay other wheats. 

(e) The experiments for testing yields of green fodder 
with yields of seeds and comparative economic value of the 
common leguminous crops were continued. There are two 
series in this experiment. One series is grown to produce 
green fodder in kharif and is followed by winter pulses for 
seed in rahi. The second series is for seed of both kharif 
and mhi pulses. 

: A”,. Series. 


Ivliiirif pulses 

Greon 
fodder 
per acre 
in lb. 

How DEALT WITH 


We'gbt 
of seed 
in lb. per 
acre 

Eed to 
cattle 

Left by 
cattle 

Kabi pulses 

I'loi’ula velvL't bciiins . 

13,070 

1 

1 

Lentils. ... 

1,391 

In'ggrtr weed . 

4,840 

1 

1 

Jjolicim LiiUah 

920 

Cow pens . 

10,184 



White peas . 

: 635 : 

Soy beans 

7,145 

•s 


Ptu'plc peas . . . 

1,004 

Cluster beaus 

13,100 

§ 


Gram of Gujarat District 

1,045 

Doliahos Litblub 

1,043 

f 


Gram, local . 

1,848' 

Ci'id {Phitsa/lits mdiakis) 

11,808 

¥t 

lA 

Gram, Cabuli small 

1,343 

Math .... 

17,005 


* 

Gram, Cawnporo . 

1,185 


.B Series. 


Kharif pulses 

Weigiit 
of seed per 
acre in lb. 

Rabi pulses 

Weight 
of seed per 
acre in lb. 

Elorula vchet beans 

928 

Fallow as velvet beaus were harvest- 
ed late. 


Florida Doggar weed 

47 

Purple peas , . . . 

833 

Cow peas . ... 

267 

Gr.am Cawnporo . . . 

903 

Soy beans . ... 

1,224 

Fallow iis soy beans were harvested 
late. 


Guar . . . . . 

772 

Gram, small Cabuli 

803 

Val (DulicJios LaUith) 

B2S 

Val {PoUckos Liiblab), same crop 
standing in rabi. 


Urid . . ... 

207 

Gram, local Oral Farm . . 

382 

Math . . . . . . 

1,022 

j Gram of Gujarat District 

435 


In series “ A/’ of the kharif pulses the best is math both 
in feeding value and weight of crop. is next and 

then gitar. Florida velvet beans make a big crop but fall 
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off in feeding value. Florida Beggar weed is a wasliniut. 
at Pusa. Soy beans are moderate while Dolichos Lahlab 
does not do. In rahi pulses gTam comes first followed by 
lentils and purple peas. 

In “ B series, as lega-rds kharif pulses the highest 
yield of seed was got from soy beans, but this crop holds 
the land in m&'i also, which puts it out of consideration. 

Florida velvet beans and Florida Beggar weed are poor 
yielders. TJfid and Dolichos Lahlgb are also poor. Ihe 
mhi pulses were purple peas and gram. They were sown 
late as the kharif crop occupied the ground till late. If 
sown at the proper time, I think the result would have been 
equal to those of ‘ ‘ A series. 

(/) Experiments with Java and Sumatrana indigo were 
carried on in collaboration with the Indigo Research 
Chemist and Imperial Agricultural Bacteriologist. As 
mentioned in last year’s report, these will l)e continued 
over a period of years and the results will be dealt with 
from time to time by the Indigo Research Chemist and tlie 
Imperial x^gricultural Bacteriologist in their respective 
reports. 

As in past years, crops for the various experts wcu’c 
grown in North Pangarbi. Experiments on 7vJiar wilt 
referred to in last year’s report were carried out in collaljor- 
ation with the Imperial Mycologist and the Fibre Expert. 
They will be continued next year. 

■ Buildings and Machinery. The new silage cutter - 

Climax — referred to in last year’s report, was worked 
throughout the season and cut 12,000 maiinds of silage. It 
has proved itself a thoroughly reliable, serviceable machine, 
and, when worked in connection with a tractor, forms one 
of the handiest silage cutting outfits it is possible to ba,ve 
on a farm. 

The 4' 6'^ Marshall’s thresher turned out no less tlinn 
613 maunds of cleaned oats in a day, thus beating last year’s 
record of 505 maunds. Regular feeding and a total ai)scnc‘,e 
of any stops except those for oiling enabled us to work <Tff 
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4,932 mauiids of various grains such as oats, wheat, gram 
and rahar in 36 days and finish by the 23rd April, thereby 
escaping all damage from the early rain in May, a result 
which reflects the greatest credit on all concerned and shows 
what can be done with machinery in India. 

Steam Ploughing Tackle. The set of tackle consists of 
two single cylinder K Class Fowder engines with 900 yards 
steel wire rope and a four furrow anti-balance gang plough, 
a disc harrow, a grubber, a zigzag harrow and a Crosskill 
roller. The cost of purchase in 1913 was as follows : — ■ 


Two engines with steel oahle.s 


Es. 

. 30,000 

Plough . . . 


. 3,700 

Disc harrow . . 


. 3,625 

Gruhber . , . . . 


. 3,227 

Zigzag harrow and roller 


. .2,925 


Total 

. 43,477 


The tackle worked in the season 1918-19 for 145*4 days, 
the working day being reckoned at 10 actual "forking 
hours. The tackle stood idle during the remainder of the 
:sea,son. 

Details of output, consumption and costs including all 
expenses except depreciation and interest on outlay are 
given below. 



Output, consimrption and cost of steam tacMe during 1918-19, 
(a) Output, 




(c) Cost. 
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II:, Yrill be seen from the Statements B and C that the 
cost oi: operal'ions is now at the 1916-17 level, and that the 
1917-18 figures may be taken as abnormal owing to wai* con- 
ditions. The entire tackle is in thorough working or<ler 
and, with the rigid system of replacements practised, may 
be calculated to be as good as when first purchased. The 
work done by it is excellent, but the heavy capital cost still 
remains a drawliack to its general adoption on estates., 
and it is to be feared that this cost will never revert to 
pre-war figures. 

A Ford-son motor tractor (Plate I) was bought in May, 
and a demonstration of its Avorking was given on the 
farm. As this was the first tractor of its type to be 
worked in India, much interest Avas displayed in. the 
demonstration and a large number of people attended 
from all parts of India. 

The tractor worked with implements in use on the farm 
and did all that it was asked to do in excellent style. It 
was hitched successively to a double fiirroAV disc plough, a 
Paiisome’s cuitiA^ator, Cambridge roll and rake of three 
spring tooth-harroAvs, and afterwards was used to run tlie 
silage cutter. One could not fail to be struck with its AVOT’k 
over ploughed land Aviiich was good, thorough, and shoAved 
no sign of poaching the land or failing to get a driving 
grip. Its weight 21 cwt. all on appears to be the optimum 
for these operations. It is an extraordinarily handy 
machine and, Avith its light Aveight and great power, is Avell 
adapted to Bihar conditions. It is noAV v/orking regularly 
on the farm and careful records are being kept of its .fiici 
consumption, etc. A report Avill be issued in due course, 
and I take the opportunity of stating here that pending 
the completion of, thorough trials and the issue of this 
report, I am not prepared to express any definite opinion 
as to its capabilities. Any one Avishing to see it Avorking 
is Avelcome to do so. It is hoped to be able to run paa-allel 
experiments Avith other types of tractors this winter; n?id 
also to test fully the various types of implements provided 
AAdrh these tractors, and there seems little reason to doubt 
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that inaiiy improvements can be made which will increase 
the capacity and efficiency of these tractors on Indian soils 
and tliereby enable them to deal with a much huger area 
at a lower cost per acre. But to carry out all this work 
successfully, the co-operation of an engineer with agricul- 
tural kiiowledge is essential, and close collaboration ivitli 
makers both of tractors and implements is essential and, 
when established, should prove of inestimable benefit to 
both sides. The low capital cost of these machines and 
their extreme handiness will render them admirably suited 
for Indian conditions, provided that thejr prove capable of 
withstanding the amount of ill usage which all machinery 
of this type will have to put up with in the hands of a race 
Tcho make all adjustments with a hammer and all running 
repairs with a piece of string. The outlook at present for 
these machines is most promising, and I consider that they 
will make a big difference to agriculture in many parts of 
India if their early promise is fulfilled. 

Miscellaneous. Seven hundred maunds of seed oats 
and 81 maunds of peas were supplied to Mesopotamia for 
seed purposes. This entailed a large amount of extra work 
in screening, cleaming and packing which the farm staff 
cheerfully undertook, and the whole consignment was des- 
patched in record time and condition-— an excellent achieve- 
ment for which I take this opportunity O'f thanking all 
concerned. 

III. Cattle-Breeding. 

The combined herds totalled 372 head in the year under 
report. 

It will possibly be advisable for the benefit of those who 
have not read former reports to state here the objects for 
which the two herds are maintained. 

The Montgomery herd is divided into two portions — 
(a) For selective breeding for milk production. The 
cows here are divided into five groups each with 
a separate bull ; and the object is to breed up a 
first class milking strain in each group end 
thereby establish the breed without fear of in- 
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breeding. All the best milkers in the Mont- 
gomery herd are included in these groups. 

(b) For crossing with the Ayrshire bulls. The cows 
here are not sufficiently good for inclusion under 
(a) and are used for putting to the Ayrshire 
bulls for the cross-bred herd. 

The policy of strict selection for milk yield is being con- 
tinued throughout the Montgomery milch herd and the best 
records among the cows in it this season were as follows : — 


Imaiii 

Salieji 

Anjaiii 

Ladli 


lb. 

5,664 

5,111 

4,953 

4,852 


All Montgomery cows calving down for the first time' 
are now being treated in English fashion, their calves being 
removed at birth and put on the pail. No difficulty what- 
ever has been experienced in milking these cows without 
their calves, and I think this has given a pretty heavy blow 
to the idea that the indigenous cow will not give milk with- 
out a calf. Once she has acquired bad habits she is 
undoubtedly troublesome, but if her calf is removed at biidh 
from her first calving she is as easy to deal with a,s an 
English cow, and if this practice is adopted by all who have 
heifers calving down they will save themselves much 
trouble. In two of the abmm cases calves have died, being 
weakfy at birth. The advantage of having the cows con- 
tinue giving milk instead of immediately going dry, as is 
the rule in such cases ordinarily, is too obvious to need 
emphasizing. I am also of opinion that possibly the ten- 
dency in Montgomery and indigenous cattle to stand off the 
bull throughout the milch period may be attributable to 
having the calf at heel, and it will be possible to collect 
some data on this point from the above experiments. Tliey 
will also be of the greatest use in enabling us to start a s(it 
of absolutely reliable milk records. Our present metliod 
of averaging the teat the calf is allowed to suck is by no 
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means really reliable or accurate when it comes to a ques- 
tion of keeping proper milk records. 

The Montgomery-Ayrshire cross-bred herd now stands 
at 73 head. 

The heifers and cows in the herd are put to cross-bred 
bulls of which there are three with the herd : 

(1) Black Idiamond No. 3, by Mossgeii Titanic, out of 

Rengni No. 149. 

(2) Goliath No. 8, by Lessiiessock Wildfire, out of 

Diwali No. 77. 

(3) Mammon No. 9, by Lessnessock Wildfire, out of 

Timid No. 80. ' 


The Mossgeii half-bred bull is used on Lessnessock 
heifers and the Lessnessock half-bred bulls on Mossgeii 
and Gai'ston heifers. A Carston half-bred bull will be 
added to the herd in place of one of the Lessnessock bulls 
as soon as possible. 

"We have now calves from the following crosses, and 
careful observations and records will be and are being kei>t 
with a vie^v to collecting data as to hardiness, milk yield, 
etc. 


Half-bred 
Three-qu arter-bred 

Double cross-bred 

Quarter-bred . 


Ayrshire bull x Monfgoiueiy co\y. 
Ayrshire bull x Ayrshire-!Mou,tgo- 
mery cow. 

Ap’shire-Moutg'omery hull x 

Ayrsliire-Montgomery cow. 
Ayrsliire-Moutgoinery bull x 

Montgomery cow. 


Plate II shows two typical double crosses at five 
months, and Plate III, fig. 1 a three-quarter-bred at five 
months. 


At present it appears that three-quarter-breds usually 
have a longer, thicker coat, and are apt to be rather slower 
doers at first than half-breds. They, however, do quite 
well ill the later stages. It is practically impossible now 
to distinguish between half-breds and quarter-breds and, 
as far as the experiments have gone, it appears evident that 
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tbe half English blood in the half-bred bull is sufficient to 
produce the same English characters as regards ap|.-)earance 
and build as the full English and it Avill be of interest to 
see if this holds good when tested at the pail. 

The double cross-breds are in all points similar to half- 
breds and do equally well. The first lot of three-quarter- 
bred crosses which went through the December inoculation 
had a pretty stif time which pulled them back a lot; but 
they are now doing Avell. 

Experiments with half-bred bulls and country cows are 
now in progress, and this should enable us to collect data 
which Avill probably confirm results arrived at with the 
Ayrshire X Montgomery and pure Montgomery cross. 
The undoubted milking powers possessed by Montgomery 
cows being liable to mask any possible improvement in milk 
yield introduced by half-bred bulls which would probably 
show clearly in stock got from an ordinary country cow of 
a poor milking breed. 

The full lactation yields for the six lialf-bred cows 
from Mossgeil Titanic Avere as follows and fully bear out 
the remarks made about them in last year’s report : — 



lb. : 

Alibi Jfo. 3 

. . . . 7,371 

Daisy 5 

. . 0,7ti3 

Nuonii ,, 1 

6,406 

Pansy , , 4 

5,345 

Xaney ,, G 

4,454 

Biddy ,, 2 

.. . ■ . . 3,862 

The yield of 

the last tAvo cows Avas considerably 


reduced, by udder trouble in the first case Avhile Biddy is 
shy of a teat. 

These cows have now calved again and are, with the 
exception of the last two noted above, milking excellently. 

Six Lessnessock Wildfire heifers have calved and are 
now giving an average of 18-20 lb. per day. 

One Carston Royal Scotch heifer calved on 7th M'arcb, 
1919, and is now milking well. The remarkable evenness 
of yield shoAvn by all these heifers Avhether got from coavs 
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with good or bad milk records is a testimony to the potency 
of the English cross as regards milk production. 

A series of calf rearing and feeding experiments have 
been started, and already show that half the usual (|uaii- 
tity of milk fed to a calf during 10 months’ lactation 
period, if given to the calf in the first five months only, 
grows a bigger, better calf at a far less cost. Plate IV 
shows a bunch of calves all taken clean off milk at 
five months. They are as big and strong as calves of 10 
months and have jbeen grown on half the quantity of milk 
fed to 10 months’ calves which with milk at its present price 
is a big saving. 

The usual couple of biennial sales were held in Decem- 
ber, 1918, and April, 1919. 

Seventy animals in all came under the hammer and real- 
ized a total of Rs. 11,850, averaging as follows: — 


Axerage price 
Es. 


Moihgomeiy bulls . . 

. 215 

Montgomery cows . . . 

. 174 

Montgomery bull-calves . . 

. 126 

Montgomery lieifers 

. 117 . 

Ayrsliire-Moiitgomery bull 

. 500 

Ayrsliii'e-!Moutgomery heifers 

. 456 

iVy ]‘slnre-M outgom ery l)ull-calves 

. .140 

Plate Til, figure 2 shows a 

cross-bred bull sold to 


Hyderabad State for Rs. 500. These sales have now become 
an established custom, and the demand for all stock is so 
keen that I must again warn intending buyers to arrange 
to arrive in good time for sales. 

At present every young bull I have to sell is being 
enquired about and Rs, 600 has already been offered in 
several cases. 

Simultaneous inoculation. In December the whole of 
the young stock and all bulls — English, Montgomery and 
half-bred — together with all cows not heavy in calf wmre 
inoculated against rinderpest by the serum simultaneous 
nietliod by Mr. Shilston, 169 animals being done. The 
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wliole tiling was a complete success in every way, and 1 
take this opportunity of expressing my thanks for the 
invaluable assistance rendered by Mr. T. D’Sylva and the 
stafi; of the Power House, who stepped into the breach 
caused at the last minute by the strike of the entire gowala 
staff on religious grounds, and enabled me to carry out the 
inoculation. The way in which the staff turned to and 
soon proved that they could drive and stoke cattle as well 
as engines, enabled me to deal with the strikers drastically 
and future strikes of this nature are now extremely 
unlikely. A special inoculation camp was erected on the 
river bank at the most distant spot in the grazing grounds 
and cattle and attendants were kept there for the period 
of some six weeks. 

The whole of the cattle were successfully inocuhited and 
it was even found possible to save two of the control 
animals. The rest of the herd will be done this cold 
weather. 

The sudden death of Mr. A. W. Shilston at Naini Tal 
from glanders was learnt with the deepest regret by the' 
farm staff here, who had, during their month’s work at the 
inoculation camp, every opportunity of seeing and experien- 
cing the way in which Mr. Shilston carried on his work, and 
feel the loss occasioned by his death a,s keenly as those who 
had worked with him constantly. 

Two young Montgomery bulls were iiitrodueecl into the 
herd from the Military Dairy Farm at Ferozepore bringing 
ill a much needed change of blood, and two Montgomery 
cows, one bull, and four calves were purchased from Bolpiir. 
Various new buildings, including a set of calving pens and 
a building for the young male stock, were erected, and the 
thorough repair of the old buildings was started. 

The general health of the herd was excellent and there 
was no outbreak of contagious disease during the year 
under record. I should like to take this opportunity of 
expressing my thanks to Khan Bahadur Judah Ilya/m 'who 
retires from G-overnment service this August. He has had 
charge of the herd from the beginning and has seen it grow 
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into what is now the most famous herd of its kind in India, 
and it is in no small measure due to his care and experience 
in dealing with all forms of disease that it has been pos- 
sible to bring such a state of things to pass, as a single oiit- 
ln'eak' of one of the more deadly forms of contagious di- 
sense would liave easily destroyed ten years’ work. And if 
there is one thing that constantly requires to be dinned into 
the ears of the owners of herds as wmll as subordinates in 
charge of them in this country, it is the necessity for 
extreme vigilance with stock uninoculated by the serum 
simultaneous method, and the necessity of taking prompt 
and effective measures against outbreaks of disease. 

I give here the usual balance sheet for the breeding 
herd ; — 


Beturns 

Cost 


■Rs. , 

A. P. 


Rs, 

A. 

P. 

Received for sale of milk 

0,077 

13 .3 

Budget for upkeep . 

7,948. 

9 

' 6 

33 head sold in December 
axiotion .... 

.5,400 

0 0 

3,170 inds. 15 srs. grain at 
Rs. 3-8 iier md. 

11,117 

o 

0 

37 bead sold in April auci/ion 

6,450 

0 0 

Oil oake 

807 

0 

0 

Sbeep and cast stock . 

499 

1,2 0 

7,311 mds. green fooder at 
As. 4 per md. 


12 


Toa'AL . 

19,027 

9 3 



.'Net cost 

0,279 

7 2 

6,400 md.s. hkusa and dry 
maize stalks at As. 4 per 

maund . . . 





25,307 

0 5 

1,016 

S 

0 




5,300 mds. 13 srs. silage at 
A s. 6 per md. 

1,989 

14 

0 




Total cost 

25,307 

0 

5 


There was a considerable increase in the price of grain 
during the year, and that used for feeding cattle which 
was valued at Rs. 2-8 per maund in previous reports, has 
been charged for at Rs. 3-8 per maund this year. 

The milk valuation, however, remains extraordinarily 
low at 10 Lahori seers (26 lb.) to the rupee. Cattle sales 
realized Rs. 11,850 for seventy animals which is a slight 
indication of the real value of the herd, as we naturally 
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keep file best stuff to breed from. The only conclusioir 
which can be drawn from the above is that we have here a 
herd of great value which has now reached a stage in which 
it fully repays every rupee spent in improving, building, 
etc., and large extensions in the line of buildings and area 
will be imperative in the near future if the herd is to main- 
tain its present progress. 

I am constantly receiving enquiries from foreign Gov- 
ernments and Administrations regarding stock. To enable' 
such enquirers to see what herds are kept at Pusa and the 
average number available for disposal each year, I propose 
to have a permanent advertisement in the “ Agricultural 
Journal of India giving these facts and other particulars. 

Sheep. The attenuated garrison which held the fort 
at Pusa for some fifteen years against every disease undei' 
the sun, marched out of Pusa on 7th April, 1919, thereliy 
terminating an experiment which has conclusively shown 
that the local conditions militate far too strongly against 
any attempt to improve fleece and mutton conjointly, as 
the improved cross immediately becomes liable to numerous 
diseases which do not seem to affect the local sheep, and an 
appalling death rate is the result. I use the word improved 
cross advisedly — as from the mutton fleece point of view. 
The spirit was doubtless willing but the flesh was uncom- 
monly weak and the majority were never in such good con- 
dition as the local sheep. I may here say that such an 
experiment as the above carried on in a restricted area 
occupied by a large herd of cattle is liable to, and lias pos- 
sibly brought in, much disease; and it was the strong suspi- 
cion that such was the case, coupled with the impossibility 
of finding area for both cattle and sheep, that was partly 
responsible for the abandonment of the sheep experiments. 

Miscellaneous, Plans have been put up for increasing 
the present veterinary dispensary. Over 8,000 patients 
were dealt with last year, which is straining tlie capacity 
of the place to the utmost. 

I wish here to express my thanks for the way in wliidr 
the cattle staff have worked. The work under their charge 
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has increased enormously and the inoculation camp which 
is now an annual event has added a heavy burden. This 
has ail been cheerfully borne and the work has been excel- 
lently done. The reputation the cattle here now enjoy is> 
in no small measure due to this continuous work and care. 

IV. PUOGEAMME FOR 1919-20. 

Major. 

I. {a) Practical treatment of pedigree dairy herd of 
Indian cattle and pedigree dairy herd of Montgomery- 
Ayrshire cattle. 

(b) Continuance of experiments with regard to fixing 
a type of Montgomery- Ayrshire cross most suitable to 
Indian conditions. 

II. Practical treatment of 1,200 acre mixed farm with 
particular attention to x^rofitable modern machinery and 
the financial results of the work. 

The bulk of the produce of the Pusa farm is used for 
the maintenance of the dairy herd. The rotation adopted 
aims at the up-keep of the fertility of the land along with 
supply of concentrated food and long fodder and a con- 
stant supply of green fodder throughout the year. 
Included in the above is the study on a practical scale of : — 
{a) Rotations. 

(b) Crops for fodder, seed and silage. 

ic) Implements and machinery. , 

{cl) Technique of cultural operations. 

(<?) Types of farm buildings. 

III. Continuation of collection of data and results 
regarding the costs and capabilities of steam tackle on 
estates of this size. 

lA^. Experiments with various types of motor tractors 
and ploughs :-— 

(i) m t’omparison with steam tackle ; 

{ii) for collection of data and working costs ; 

(m) for determination of most suitable type of trac- 
tors and implements for India — the co-opera- 
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tioii of an agriculturist who is also an engineer 
k requireJ here to enable these experiments to 
be thoroughly carried out; 

(iv) collaborotioii with manufacturers regarding the 
maimfacturing and introduction of any 
imp ro vein eiits in present types to suit rinlian 
conditions. 

V. E^perimeml work at Pusa. After the |:.>reliini:iiaiy 
testing of the new experimental area at Pusa, the following 
will foe started and continued along with existing work 
(a) Eotational experiments. 

(h) Trial of new varieties of existing crops, especially 
leguminous fodder crops and wheat AUirieties. 
(o) Maniirial experiments, especially sea.soriiil jind 
quantitative tests w-ith pliosidiatcs. 

(r/) Potation and manurial experinients alr(Mi(ly 
started. 

(e) Seasonal tests with Java ami Sumatra, na indig’o. 

(/) Trial of sugarcane varieties suit.al.de iVn* growth 
without irrigation. (Some oi:‘ Dr. Bfirfoer’s 
varieties are very j:)roinising.) 

VI. Demonstrations, exliibitions a.nd sales of surjjlus 
dairy stock, etc., will be held from time to tiine as,ocea,sio:!i 
offers. 

Minor.. 

VII. Touring and advisory . Visits will be ].,)a.id to 
provincial ag.ricnltui’n.1 eent,res. This should tend to co- 
ordination of ngriciiltiiral work. 
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REPORT OF THE IMPERIAL AGRICULTURAL ^ 

CHEMIST. 

(W. H. Haeeison, D.Sc.) 

I. Administration. 

1 availed myself of privilege leave from 4th July to 7tli 
August, 1918, and during this period the First Assistant, i 
Mr. J. K. Mukerji, was placed in, charge of the E^ectioi). 
For the rest of the year I was in controL 

Mr. J. Sen, Supernumerary Agricultural Chemist, 
continued on special duty under the Government of the 
United Provinces in connection with the opium investiga- 
tions. His contmued absence from his permanent post at 
l^iisa entails considerable inconvenience to the head of the 
Section who, as a consequence, must necessarily give more 
attention to the routine analytical work than is desirable 
if material progress is to be made in research, 

II. Education. 

Mr. ,A. K, Mitra, w,ho joined on 1st June, 1918, as a 
stipendiary student of the Bihar and Orissa Government, 
:r(3ceived tuition during the whole of the year under review. 

III. Meeting of Agricultural Chemists. 

The First Meeting of Agricultural Chemists was held, 
at Piisa on 24th February, 1919,' and the following days. 
The proceedings were opened the Agricultural Adviser 
to the Government of India. The subjects placed for con- 
sideration before the meeting covered a wide field and 
comprised the drafting of a Fertilize!'* ilct applicable to 
Indian conditions; the. proposal of the Industrial Commis- 
sion in regard to the formation of a clieinists’ service; 
Ht;iml:rrdization of analytical methods; the regulation of 
soil surveys and the necessity for the formation of groups 
■oP siacfiti fie officers for the specific study of specialized 
agricultural problems such as animal nutrition, soil biology, 
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etc. A report of the proceedings has been prepared for' 
publication. 

IV. Meteorology and drain-gauges. 

The usual meteorological records were maintained, and 
in addition continuous records of the readings of wet and 
dry thermometers were instituted. The crops and drainage 
waters from the drain-gauges were examined in the usual 
manner. 

A". General analytical avork and assistance gia^en 

TO OTHER SECTIONS. 

The folloAving samples Avere analysed and reported upon 


during the year : — 

Soils 43 

Mfuuires 23 

Feeding' stuffs . . . ” . . . 13 

Sugarcane . . . . . . 40 

Gtir (crude sugar) . . . . .1 

Hide salt . . . . . . . 3 

Carbon bisulphide . . . . . 3 

Copper sulphate solution . . . . 17 

Fungicides . . . . . . . 2 

Lead arsenate . , . . . . 1 

Contents of stomach and intestines of a 
huft'alo . . . . . . . 1 


Total . 153 

Among the items of interest in this connection, atteution 
may be drawn to the number of feeding stuffs and fodders 
which were received for examination in relation to suspected 
cases of poisoning. In only one instance Avas the suspicion 
confirmed by analysis where a considerable proportion of 
prussic acid Avas obtained from a sample of linseed cake 
from a remount depot. Acting upon the analytical refiort, 
tlie use of this cake Avas discontinued when a comjilete 
cessation of the cases of poisoning occurred. The appear- 
ance of the cake suggested that it Avas the production of the 
ordinary country mill, and probably the expression of the 
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oil took place at a low temperature. The enzyme respon- 
sible for the liberation of the prussic acid from the cyano- 
genetic gluGoside therefore remained un destroyed. 

The following assistance was rendered to other 
Sections : — 

Mycological Hection, Seventeen samples of copper 
sulphate solutions were analysed in order to 
determine the loss of copper sulphate during the 
steeping of jute seed. Two samples of soils and 
three of fungicides were also examined. 

Entomological Section. Twelve samples of soil and 
three of carbon bisulphide were reported upon. 

Agricultiiral Section. Forty-one samples of sugarcane- 
and thirteen manures were analysed. 

Indigo Research Section. Six soils and four samples, 
of manure were reported upon. 

General. In compliance with the generally expressed 
wish of members of the Pusa staff the soils and 
subsoils of the permanent manurial experi- 
mental plots were carefully sampled and the 
variations in composition determined. These 
samples have not been included in the list given 
above. 

VI. Methods of analysis. 

The investigation upon the value of Dyer’s method of 
estimating available phosphoric acid when applied to 
calcareous soils was referred to in last year’s report, and the 
conclusions therein formulated have been confirmed. The 
problem of finding a suitable basis for the interpretation of 
the values obtained, or, alternatively, of evolving a new 
basis of comparison, has been merged in the wider investiga- 
tion regarding the retention of phosphates in soils, and will 
be considered in that category. 

Arising out of the recommendations of the Chemists" 
Meeting a, critical study of the various methods of deter- 
mining nitrogen in fertilizers has been undertaken. 
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YIL Mode of action of superphosphate in calcareous 

AND NON-GALCAREOUS SOILS, 

In contmiiatioii of the investigation, reported last year, 
dealing "vvitli the reactions between mono- and di-calcic 
phosphates and calcium carbonate, attention has been 
directed to the retention of in calcareous and non- 
calcareous soils, Pusa and Kalianpur soils being taken as 
the respective types. Porinerly the phenomenon of reten- 
tion by soils was explained as solely due to the formation 
of comparatively insoluble phosphates, but fn later years 
the tendency has been to ascribe it largely to adsorption. 
In view of the facts that Pusa soil contains a very large 
proportion of CaGO.,, and that the mono- and di-calcic 
phosphates react with this substance, it seemed probable 
---even if the laws of adsorption were the determining 
factor in iion-calcareous soils — that retention would be 
mainly due to chemical combinations in calcareous soils. 

In order to test tliis, definite quantities of tlie ty|:)e soils 
vcere shaken ivith a definite volume of solutions of sii|)er- 
phosphate of varying concentrations, and the distribution 
of the p 2 O. Ifetween the solvent and the soil determined. On 
ploUing llie logarithms of these values a.gainst each otlier 
it was found tliat, in the case of the non-calcareous soil, 
they lay upon a straight line, which is the criterion for 
adsorption. In the case of the calcareous soil the points 
lay along a sinuous curve; consequently adsorption is the 
determining factor in non-calcareous soils but not in cal- 
careoiis soils, 

A similar series of determinations with solutions of di~ 
and tri-sodium phosphates showed that adsorption 
occiui’ed in both calcareous and non-calcareous soils, and 
corisequentiy the conclusion to be drawn is that the reten- 
tion of superphosphate in the former type of soils is one 
of chemical combination. 

A variation of these experiments was made by allowing 
one kilo of soil to remain in contact for one week, without 
slinking, with 450 c.c. of solutions of varying couceii tin- 
■tioiis of superphosphate, and then determining the disti'ilm- 
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tion of the between the solvent and the soil. Under 
these conditions the results obtained with both types of 
soil were almost identical. This is explained by the fact 
that the Kalianpur soil contains a small proportion of 
CaCO^ and as the proportion of soil taken was large there 
was sufficient CaCOg present to combine with the quanti- 
ties of P 2 O. taken. It may therefore be accepted that even 
small quantities of CaCOg can, under certain conditions, 
entirely mask retention through adsorption. 

The conclusion arising out of these experiments is that the 
distribution, throughout the mass of the soil and immediate 
subsoil, of the P 2 O 5 contained in a dressing of superphos- 
phate applied to the type soils would be of a very different 
order in each case. To test this conclusion a definite amount 
of PgOg dissolved in a knowm volume of water was allowed 
to percolate through a column of soil of 20 " depth contained 
in a glass tube. When percolation had ceased the tube of 
soil was cut into two inch sections and the amount of PaO. 
retained in each section determined. An approximate 
determination of the P^Og held in solution in each section 
and the P 2 O- retained by the soil was also made. 

In the case of the Kalianpur soil the percolate contained 
very appreciable quantities of PgOg, and the amount held 
by the soil varied from 12 per cent, of the original amount 
taken in the first layer of soil to 2 -| per cent, in the lowest.. 
The total amount of PaOg (soluble and in solution) retained 
by any one section was in accordance with conditions 
demanded by adsorption. 

The distribution through the column of Pusa soil was 
totally distinct. No PgOg, or only traces, were obtained in 
the percolates, and 69 per cent, of the original amount taken 
was retained in' an insoluble condition in the .first tv/o 
inches and f 6 per cent, in the first four, whilst practically 
no PgOg penetrated to a greater depth than 12 inches. It 
is also noteworthy that the amount of P.Og present in solu- 
tion in the Pnsa soil was veiw miicli less, tlian the amount, 
present in the corresponding section of Kalianpur soil. 

The addition of 5 per cent. CaCO, to the Kalianpur soil 
brought about a distribution analogous to that obtained in 
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the Pusa soil, thus demonstmting the fact that this sub- 
stance is the responsible agent of retention in the latter. 

The general conclusions arising out of this investigation 
are {a) that the retention of P^O,, in calcareous soils is a 
diiferent phenomenon to that of non-calcareous soils, (h) 
that the range over which applications of superphosphate 
are effective is wide in the case of non-calcareous soils but 
very restricted in the case of calcareous soils, and (c) that 
the principles underlying the employment of superphos- 
phate in non-calcareous soils or soils of low CaCO,, content 
are not applicable to calcareous soils, and that the condi- 
tions for effective phosphatic manuring in the latter require 
further close study. 

VIII. The windrowing of sugarcane. 

An Assistant was deputed to work at the Tariiab Parm, 
North-West Frontier Province, from December, 1918, to 
March, 1919, and during this period made numerous tests 
in order to follow the course of the changes taking place in 
the cane. 

The scheme of experiment was as follows -The sugar- 
cane area was divided into three portions, the first of which 
was sampled and analysed on 18th December, 1918, and 
immediately windrowed. The second portion was sampled, 
analysed and windrowed on January 10th, and the re- 
mainder on February 3rd. It was possible, therefore, to 
institute comparisons between canes windrowed early and 
late, and at the same time by drawdng representative 
samples the character of the changes which occurred in the 
windrowed cane could be determined at any time. 

A study of the analytical data obtained show^ed that the 
total solids, as measured by Brix, increase during the period 
of storage, so that the juice becomes more and more con- 
centrated as time goes on. At the same time the percentage 
of both glucose and sucrose increases, so that the juice of 
a windrowed cane contains a larger projiortion of these 
constituents than, does the original cane. On the other 
hand, the glucose ratio widens, and there is also a slight 
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increase in the proportion of “ solids not sugar,” so that a 
falling off in the quality of the juice is to be expected. 
That this is so is shown by the change in the co-ef&cient of 
purity, but this is not so great as might be expected, and 
in fact, owing to the increased concentration of the juice 
the variations in the percentage of cry stall! zable sugar are 
practically nil. Consequently the process of windrowing 
does not lead to any appreciable decrease in the amount o,^' 
sugar obtainable from equal weights of juice. 

It does not follow from the above, however, that there 
is no loss of sucrose and sugar so far as the crop is con- 
cerned, and this point can only be determined by careful 
weighments of the samples drawn and of the juice ex- 
pressed. Such measurements were taken at each stage and 
the weights of sucrose, glucose, etc., calculated to the 
basis of 1,000 lb. cane when windrowed. The results 
obtained were remarkably concordant. 

The amount of sucrose present in the cane windrowed 
■on December 18th increased rapidly up to January 1st, and 
then remained practically constant until the first week in 
F ebruary after which there is a rapid decrease. The cane 
windrowed on January 10th show'ed a similar increase at 
first and again deterioration set in after the first week of 
February, whereas the cane windrowed on February 3rd 
showed only a continuous decrease. Similar fluctuations 
•occiuTed with the weight of cane, weight of juice expressed, 
and are particularly well brought out in the case of crystal- 
lizable sugar. The weight of glucose, on the other hand, 
tends to increase uniformly. 

All these comparisons show that cane can be stored by 
windrowing for some time, but that after a certain time 
has elapsed deterioration sets in.. The date at -which this 
first occurs is the same whether the cane be windrowed late 
or early in the season, and consequently would appear to be 
determined by factors which are either of a biological nature 
connected with the cane or to a seasonal one which affects 
Jill canes in a similar degree. It may, however, be pointed 
out that canes windrowed in December, 1917, showed no 
sign of deterioration four months afterwards, which 
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supports the theory that the determining factor is a seasonal, 
one. This factor is one not easy of determination unless 
observations are extended over a series of seasons, but a, 
comparison of the weather records for Peshawar for the- 
seasons of December to March, 1917-18 and 1918-19, shows 
that the average temperatures were somewhat higher in 
the earlier season than in the later, and this would appear 
to throw out of court any question of temperature as being 
the real determining cause, although this is probably an 
important secondary factor. One comparison, however, is 
very significant and that is the date on which heavy rainfall 
was first experienced. In 1918 no rain of any meaning fell 
. until the first wmek in March, and the canes showed no 
deterioration up to that time. " Analyses made later showed 
the cane to be inferior. During 1919 a heavy downfall 
occurred about the first of February followed several dsiys 
later by another heavy fall, and it is remarkable that this 
period marks the point at wdiich rapid deterioration sets in. 
Thus during both years a falling ofi in the .quality of the 
cane was first noticed during-the period immediately follow- 
ing heavy rainfall, and this may consequently be provi- 
sionally selected as the seasonal factor which determines the 
length of the period during which canes may be safely 
stored by windrowing. 

IX. Paddy manurial experiments. 

A reference was made in last year’s report to certain 
preliminary manurial experiments with paddy which were 
instituted in order to determine w^hether or not they could 
be successfully carried out under Pusa conditions. No 
insuperable difficulties were experienced but, as the sequel 
sliownd, it was an unfortunate circumstance that long- date 
South Indian paddies were selected. The paddy grew in a 
satisfactory manner but, although planted very early in the 
year, no flowering occurred until the cold weather had w^ell 
set in, and as a consequence the seed formation was exceed- 
P^^or and of no practical value for purposes of com- 
parison. The vegetative yields were, however, satisfactory 
and may be utilized for this purpose. 
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Another noticeable feature was the fact that in a few 
isolated pots (about 6 per cent, of the total) a very abnormal 
growth took place, varying from 200 to 500 per cent, 
increase over the check pots in their particular series. 
These abnormalities occurred in pots containing green 
manure only, as well as in pots to which only ammonium 
sulphate had been added, and as the analysis of the soil 
gave no clue it is difficult to ascribe the result to any parti- 
cular cause. I believe that other officers of the department 
have had a similar experience. 

Eliminating these abnormal pots a fair comparison can 
be drawn. The underlying object of the experiment was 
to test the conclusion previously arrived at that green 
manures in relation to paddy cultivation mainly act in an 
indirect manner, and that their maximum efiect would be 
experienced when they are employed in conjunction with 
direct manures. Nitrogen in the form of ammonium sul- 
phate was taken as the variable mineral manure, and it was 
added in such quantity that each series contained nitrogen 
at the rate of 0, 20, 40, 80 and 160 lb. per acre as the case 
might be. To half the pots green manure was added at the 
uniform rate of 10,000 lb. per acre, so that a comparison of 
the effect of this quantity used in conjunction with increas- 
ing amounts of nitrogen could be determined. The average 
results were as follows, the crop values being given in 
grammes 



Paddy No. 91 Madkas 

Paddy No. 24 Madras 

Mineral manure 
added (rate) 

Yield with 
ammonium 
.sulphate 
only 

Yield with 
ammonium 
sulphate 
and green 
manure 

Increase 
due to 
green 
manure 

Yield with 
ammonium 
sulphate 
only 

Yield with 
ammonium 
sulphate 
and green 
manure 

Increaso 
due to 
g/ eon 
manure 

Xo nitrogen 

N at 20 lb. per 

84-6 

1'35*5 

50-9 

139*8 

150-3 

10-5 

acre 

N at 40 lb. per 

93-8 

. 146*8 

53*0 

155*3 

174-9 

19-6 

acre 

N at 80 lb. per 

97-7 

155*8 

58*1 ‘ 

192*8 

199-3 

6-5 

acre 

N at 160 lb. per 

140*9 

203*6 

62*7 

194*9 

236-3 ' 

41-4 

acre 

183*6 

243*6 

60*0 

224*5 

313-5 

89-1 


D 
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As this is a preliminary experiment, and is now being 
repeated under more stringent conditions, it is only neces- 
sary to point out that the increment due to the green manure 
tends to increase as the cropping due to nitrogen alone 
increases, thus giving some confirmation to the conclu- 
sions deduced from previous investigations. 

A series of experimental pots have been laid down witli 
the object of determining the comparative values to be 
ascribed to the direct and indirect action of green manures. 

X. Miscellaneous. 

At my request, my First Assistant repeated the labora- 
tory experiments on which a portion of Memoir, Vol. II, 
No. 3, Botanical Series, “Note on a toxic substance 
excreted by the' roots of plants,” was based, using an 
artificial nutrient solution in place of the well water used 
by the author. Briefly, the method of experiment was to 
grow a large number of wheat, arhar {Cajanus indicm) 
and gram seedlings in the solution for a certain period of 
time, and then to allow the solution to evaporate spon- 
taneously to one-third of its original bulk. A “ blank ” 
concentrated solution was also prepared by the evaporation 
of a solution in which no seedlings had been grown. It 
was found that the seedlings grown in this concentrated 
solution thrive much better than those grown in the 
“ blank,” thus offering no support to the theory of toxic 
excretion. 

Samples of tobacco from experimental plots receiving 
diflerent manurial treatment were examined for total asli, 
potasli, chlorine, amido-nitrogen and proteid content, and it 
was found that, with the exception of chlorine, these values 
bore no relation to the treatment received. Tested for their 
burning value by Toth's method it was observed that tobacco 
manured with saltpetre burnt well but quickly, that -with 
superphosphate treatment was much inferior. A combina- 
tion of these manures produced a tobacco which burnt 
fairly well and not too quickly. 
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XI. Programme of work for 1919-20. 

Major subjects. 

1. Continuation of the inYestigations into the amount 
and nature of drainage water from fallow and cropped 
land. 

2. Pot-culture e'xperiments with paddy to determine 
(a) the relationship between the rate of drainage and crop 
production, (b) the direct maiiurial value of the nitrogen in 
green manures, and (c) the value of green manures when 
used in conjunction with nitrogenous mineral manures 
other than nitrates. 

3. The mode of action of phosphatic manures in calcare- 
ous and non-calcareous soils. 

4. A laboratory study of the changes occurring in 
windrowed cane. 

Minor subjects. 

1. Checking the accuracy of certain methods of analysis 
in confirmation to the general scheme drawn up at the 
Meeting of Agricultural Chemists. 

2. A study of the conditions governing the formation of 
black alkali in soils irrigated by calcareous water. 

XII. Publication. 

Hurrison, W, H. . Eepovt on Agricnltnral Chemistry, 191T-18, 
for the Board of Scientific AclTice. 
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REPOET OF THE' IMPERIAL ECONOMIC^ 
BOTANISTS. 

(A. HomRD, C.I.E., M.iV., AND G. L. C. Howard, M. A. i 
I. Introduction. 

The Imperial Economic Botanist held charge of the' 
Section during the year ending June 30th, 1919, with the 
exception of six weeks from October 22nd, 1918, which 
were spent on privilege leave in India. During this 
period, the Second Assistant, Maulvi Abdiir Rahman Khan, . 
was in charge of current duties at Pusa. 

The work of the staff continues to be satisfactory. The 
Second Assistant has made himself very useful in connec- 
tion with the improvement of the Botanical Area and in 
the experimental work in Central India and at Pusa. 
Chovjdhry Ram Dhan Singh, B.Sc., Third Assistant, has 
worked well at the experiments in progress on indigo. This 
Assistant, on the recommendation of the Section, has been 
granted by the Government of India a stipend of £150 a 
year for three years with a free passage both ways to enable 
him to read for an Honours degree in Natural Science at 
Cambridge University. Babu Kashi Ram, Fourth Avssisfc- 
ant, continues to do useful work in connection with the 
vegetable-drying experiments at Quetta and with the 
tobacco-breeding experiments at Pusa. 

The difficulties in connection with the transport of seed 
by rail, referred to in the last report, increased considerably 
during the year. In consequence of the control of wheat 
which Vvuis rendered necessary by the shortage of sup])lieh 
in India, the facilities granted last year by the Central 
Transport and Foodstuffs Board lapsed when that bodv 
ceased to exist. The system of priority certificates in 
force worked fairly well till the end of April when all 
movement ot goods had to be restricted due to the exigen- 
cies of the military situation on the North-West Frontier. 
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-A consignment of 3,000 mds. of Piisa 4, piircliased for the 
Gwalior State to replace the country crop at certain centres 
in the famine-stricken areas of the State, iinfortimately 
was only partially cleared by the railway before all civil 
transport became impossible. A very favourable oppor- 
tunity for starting a new centre of distribution on the large 
scale with this wheat could therefore not be fully utilized. 
As the wheat could not be stored it had to be sold for local 
consumption before the rains set in. As soon as the 
Section possesses greater facilities, such difficulties can be 
surmounted by the simple device of storage in bulk and by 
the accumulation of large reserves which can be released as 
occasion demands. 

II. Wheat. 

Beed distribution in India. In the previous report, a 
detailed account was given of the progress made and of 
the means adopted in the substitution of the country wheats 
by Pusa 12 and Pusa 4. This work is being vigorously pro- 
secuted and many new centres of distribution, including 
the Chin Hills in Burma and many of the Indian States, 
have arisen in various parts of the country. As usual, the 
a.mount of botanically pure seed available for starting these 
centres proved inadequate and little or no restocking of old 
ones was possible during the year. The area under Pusa 
12 and Pusa 4 during the season of 1918-19 was estimated 
at half a million acres. The increased value of the crop, 
judged by numerous crop-cutting experiments, is at least 
fifteen rupees an acre so that the ammal dividend on this 
portion of the work of the Section has already reached 
seventy-five lakhs of rupees (£500,000 sterling) and is 
rapidly increasing. As one year is too short a period to 
justify the time and trouble to all concerned in preparing 
a fresh summary of the position of these seed distribution 
schemes, progress will be recorded in the next report and 
in future in alternate years. In the present paper, the 
space so saved will be devoted to an account of some other 
aspects of these wheat investigations which have now 
reached the stage when they can usefully be discussed. 
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One very interesting example of a Pusa 12 replacement 
scheme entirely by means of unofficial agency should, how- 
ever, be mentioned. This is the seed distribution scheme 
in the Simla Hill tracts in which Mr. H. E. J. Peake, the 
proprietor of the Khaltoo Fruit Orchards, and Sardar 
Narain Singh, Chief Secretary of the Sirmoor State, have 
interested themselves. In spite of the drought which last 
season ruined many of the fields sown with the ordinary 
crop, Pusa 12 did well. The number of villages growing 
this wheat rose from three tonight and the area increased 
nearly sevenfold. From small beginnings, a large bulk of 
seed has now been obtained which will facilitate the 
extended operations in progress. The aim is to establish 
a large continuous block of this variety in Sirmoor. 

Intensive wheat cultivation. As pointed out in tho' 
last report, the substitution of the country crop by an 
improved variety is only the first step in raising wheat 
production in India to a higher level. The increased 
yields so obtained and the higher price per maund real- 
ized for the produce, are important means of establishing 
confidence and of setting up harmonious working relations 
between the Agricultural Department and the cult ivatoi's. 
The work of systematic substitution corresponds therefore' 
to the duties of the advance guard of an army. The next 
step is the demonstration of the extraordinary response 
of superior types like Pusa 12 and Pusa 4 to improved soil 
conditions. It is here that the Agritviiltural Department 
will encounter its greatest difficnities and where it will 
eventually achieve its most striking triumplis. Briefly 
stated, the problem is the removal, in advance, of the fac- 
tors which now limit production. A beginning has 
already been made in the direction indicated and results 
are beginning to appear. At Shahjahanpur in the United 
Provinces, Clarke has obtained 36*5 maunds of Pusa 12 to 
the acre, after sugarcane, in a year which was not parti- 
cularly favourable. At Indore, on tl» black soils of the 
Malwa plateau, Coventry has obtained, on a plot of Pusa 
4, l-Sf) acres in area, sown on December 15th, a yield of 35 
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mauiids of grain to the acre. In Bihar, Justin Finch, on 
an area of over 10 bighas, has obtained, under estate condi- 
tions at Mangaigarh, the record yield of 40f maimds of 
Piisa 4 to the acre. These figures indicate the potentiali- 
ties of the soils of India and what can be done by the 
simple process of raising the content of organic matter 
and of increasing the internal surface of the pore spaces 
on which the wheat roots feed. 

Piisa luheat in other countries. In previous jmars, 
small samples of Pusa wheats have been sent by post to 
correspondents in various parts of the world either for use 
in plant-breeding investigations or for direct trial. In 
many cases these samples have been worked up into large 
stocks and the wheats are now coming into general culti- 
vation. In New South Wales, Pusa wheats regularly take 
prizes at the Royal Agricultural Show at Sydney and last 
year figured in the official account of the exhibits of the 
Easter Show published in the Agricultural Gazette of New' 
South Wales of August, 1918. In West Australia, Pusa 4 
has yielded oyer 30 bushels to the acre under field con- 
ditions and is considered there to be a rust-proof variety. 
Ill Uganda, Pusa wheats have been acclimatized and are 
being distributed by the Agricultural Department chiefly 
to European planters. - In South Africa, Pusa 4 and Pusa 
12 find a place in the list of varieties cultivated in the Union 
which was recently drawn up by the Agricultural Depart- 
ment. In Nigeria, extensive trials of Pusa 12 and Pusa 4 
are in progress in the highlands of Sokoto, Kano and 
Bornu. Several small samples have recently been asked 
for from Canada, the United States, Brazil, the highlands 
of Java and the Soudan. 

Water saving in wheat growing. During the year, the 
investigations on t^e water requirements of the wheat crop 
which have been in progress since 1912 have been summed 
up in the new edition of Quetta Bulletin No. 4 — The saving 



of irrigation water in loheat growing — ^the first edition of 
whicli appeared at tlie end of 1916 and whicli has been out 
of print for some time. At first, these investigations were 
conlined to the Quetta valley but during the last three years 
they have been extended to the important wheat growing 
tracts of North-West India, The results obtained are so 
definite and the direction in which wheat production in 
these areas can be improved is so clearly indicated, that it 
appears desirable to take this opportunity of summing up 
the present position of these investigations. 

The Quetta experiments fall into two stages. It was 
first found that, on roughly levelled land, a crop of from 
15 to 20 maunds of grain to the acre could be grown on one 
irrigation, applied before sowing, provided care was taken 
to obtain a good tilth and to break up rain crusts during 
the winter and spring by means of the lever harrow. This 
is considerably more than the yields obtained by the zarnin- 
dars on similar land with six or seven irrigations. In the 
second stage, a further increase in the duty of water was 
secured. This was obtained by carefully grading the lancT 
and by the employment of a leguminous rotation. In 
1918-19, on land carefully graded and after a summer 
fallow preceded by a cold weather crop of clover, a yield of 
32 mds. 27 seers (2,686 lb.) of grain and 57 mds. 18 seers 
(i,7l5 lb.) of straw wms obtained on an acre plot on the pre- 
liminary watering only. The land was iridgatcd before 
sowing on October 12th and cultivated lightly with the 
spring tine cultivator followed by the beam on October 16th 
as soon as ever the surface was dry enough for this pur- 
pose. Under the thin mulch so produced, the soil dried 
slowly and yielded a perfect tilth when it was ploughed 
with iron ploughs on October 19th. Before ploughing, the 

_ ^ The details relating to tlie method of levelling adopted and to the system of 

described in Quetta bniliotin 
iNo. l—lhfi. irrigation of allumd .<o,7.s~inibli.shed in 1916 . 
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seed was scattered broadcast on the surface and after the 
whole area was ploughed once, the beam was mn over the 
land both ways. Besides the saving in cattle power, this 
method of combined tilth production and seed covering, by 
means of the iron plough, involves the minimum loss of 
moisture. Afterwards, rain crusts were broken by the 
harrow seven times, the last operation taking place on 
April 15th, 1919. Side by side, about three acres of 
similar land which was only roughly levelled and which 
had not borne a clover crop were treated in the same way. 
The yield in this case was much lower — 19 mds. 31 seers 
(1,625 lb.) of grain and 33 mds. 15 seers (2,745 lb.) of straw 
to the acre. 

In 1916, a beginning was made in the application of 
the methods worked out at Quetta to the conditions of 
North-West India. The first results were obtained in 1917 
on the estates of Rai Bahadur Ganga Ram, C.I.E., M.V.O., 
and Rai Bahadur Sewak Ram at Gangapur and Haripur 
in the Lyallpur District and at the seed farm at Sargodha 
in the Jhelum Colony. The preliminary irrigation gave 
nearly ten maunds of wheat to the acre, one additional 
watering after sowing yielded a little over sixteen while 
three irrigations reduced the yield appreciably. At 
Mirpurkhas in Sind, where the texture of the soil is finer 
than that of the Canal Colonies of the Punjab, Main^ 
obtained still better results. After a deeply cultivated hot 
weather fallow and a double irrigation in the latter half of 
October, fissi wheat on stiff working soils gave over 19 mds. 
(1,533 lb.) to the acre. On similar land which received in 
addition one irrigation in January the yield was 23|- mds. 
(1,894 lb.) per acre. Under the local Sindhi methods, four 
or more waterings would have been applied to the standing 
crop. Other comparative results obtained the same year in 
the maimer described above are summarized in Table I. 


Main, T, F. Aijnculinral Journal of India, vol. XIII, 1918, p. 653. 
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Table I. 


Water saving results obtained at Mirfurlihas^ 1916-17,-, 


,C' " ■ N 

Variety 

, 

Area ia acres 

Yield of g»aie eb. ' pee 

ACEE 

Remarks 

1 

One watering 
after sowing 

No watering 
after sowing 

Pusa 12 

1 

1,333 

1,172 


) 

i ' 

i 




i- Soil .somewhat 

Pissi j 


2,04S 

1,533 


) stiff. 

Pusa 12 

1 

The comparisons 

1,116 

970 




were made on 





Pusa 12 

>half plots measur- 

1,600 

1,680 

1 



ing 1 to 11 acres 




Light, free-- 

Pusa 13 

per plot 

1,418 

2,062 


working soli. 

Pusa 12 


1,718 

1,633 



Pusa 12 ^ 


1,067 

1,333 

J 

1 

AVBaAGS ' j 

1,471 

1 

■ 1,483 j 


It will be seen that taking all the results in this table- 
together,- the extra, watering, on the average, not on.iy pro- 
duced no result but slightly depressed the yield. Taking 
the results on the light, free- working soils only, the aver- 
age yield on the preliminary watering comes to 1,535 11). 
per acre while that with the extra January irrigation is 
only 1,383 lb. per acre. Thus on a soil with good texture, 
the second irrigation depressed the yield by no less tlian 
152 lb. per acre. 

The most striking results on water saving so far 
obtained in the plains of North-West India were secured 
by Clarke at the Sugar Experiment Station at Shahjahan- 
pur in 1919 after the poor monsoon of 1918 (Plate V). 
The rainfall of June, July and August amounted to 21-9 
inches and there was practically no rain during September 
and October. The wheat (Pusa 12) was sown on natni'al 
moisture in October and was irrigated once only in Novem- 
ber. The cold weather rainfall was ;2‘63 inches all of 
which was received in January, 1919. ■■ The yields obtained 
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are given in Table II. The sample of grain was a veri- 
fine one ivith the uniform texture which millers so much 
appreciate. 

Table II. 


Yields ohtained 2 cith Pusa 12 at Shah j all an inn- with one irrioation,. 
1918-19. 


Previous croii 

Area in acres 

Total yield 
of grain in 
maunds 

Yield per acre 
in maunds 

Sugarcane in trenches 

3-4 

124 

3(>-5 

Sugarcane mostly on the flat, a little in 
trenches 

7-4 

233 

31-5 

Total 

10-8 

357 

j Aveeage 33*1 


Taking all these results together, two principles stand 
out clearly. In the first place, it is evident that a fair 
wheat crop in North-West India can be obtained under 
ordinary conditions and on ordinary land by means of the 
preliminary irrigation only. In the second place, if the- i 

texture of the soil has been improved and if the surface ] 

has been properly graded (as was the case in the Quetta 
and Shahjahanpur experiments of 1918-19) the duty of 
water is very greatly increased and extremely heavy crops 
are possible with a comparatively small volume of irriga- 
tion water. Further waterings in these two experiments 
would have produced no useful result as the grain in both 
cases was well filled and the yield had already reached the 
limits imposed by the standing power of the varieties 
grown. The establishment of these two principles leaves 
no doubt as to the main direction of improvement in wheat 
production in North-West India. A portion of the wdieat 
and gram grown should be raised on the preliminary irri- 
gation only supplemented by the winter rains or at the- 
most by one additional watering. The water thus set free 
should be used for the production of leguminous fodder 
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crops like lucerne, senji {Melilotus indioa), berseem and 
•skaftal {Trifolium resupinatum). Most of these can. be 
made into excellent ha,y and can be baled, either separately 
or mixed with an equal amount of bhma, for transport 
purposes. For some years past, trials of these fodders have 
been carried out in the Fourth Division at Quetta, the 
results of which prove that by their use the weight of 
animal food carried by an Army on active service can be 
reduced by at least one- third with some reduction in cost. 
Similar advantages would be obtained in ordinary road 
transport. The general improvement in the organization 
of the local fodder supplies would go far to solve the cattle 
and milk problems and would also increase the supiply of 
manure. A large nucleus of dried leguminous fodder in 
North-West India would also be an advantage in time of 
famine when one of the problems is to rail into the affected 
areas sufficient forage to save the lives of the cattle. These 
leguminous fodders give the best yield if the land is well 
manured. If, therefore, the zamindar were to put up to a' 
fifth of his land into these fodders every year and were to 
concentrate his supply of manure on this area, this valuable 
.rotation would rapidly improve the texture of the soil. 
This in turn would increase the yield of wheat and would 
also raise the duty of water. A great impetus will be 
given to this work when the Army take up leguminous 
fodders for transport work on similar lines to those recently 
•adopted in Egypt where about 150,000 tons of berseem hay 
were baled for the use of the Armies of Palestine and 
Salonika. 

The breeding of rust-resistant mrieties. An important 
stage in the breeding of rust-resistant wheats for India 
has been reached. This work was started in 1910 at Cam- 
bridge where a number of Indian pure lines were sown as 
spring wheats and crossed with some of Professor .Bi.ffe;n.'s 
new rust-resistant hybrids. From the crosses so obtained 
many new forms have been fixed at Piisa which are diarac- 
terized by strong straw, rust resistance, good standing 
•power and heavy yield. These are now being tested on a 
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field scale and are yielding very promising results. Un- 
fortunately some of the Pusa 6 crosses have inherited one 
defect, namely, their inability to hold their grain for a long 
period in a dry season. To remove this they have been 
re-crossed vrith short-strawed, rust-resistant Indian types 
of high grain quality which hold their grain well. From 
the crosses so obtained it is expected that ideal types suit- 
able for the damper wheafi-growing areas of India will be 
obtained. It must be remembered that rust-resistance by 
itself is of little economic value. It is only when this 
character is combined with a large number of others that 
it becomes of use to the country. . If the wheat rust pro- 
blem, as is sometimes thought, consisted only in the isola- 
tion of rust-resistant types this portion of the wheat inves- 
tigations at Pusa would long since have been completed. 
The problem before the plant breeder, however, is much 
more difficult than this. 

Trials of neiv Pusa wheats. The trials, on a field scale, 
of some of the new series of Pusa wheats which were begun 
in 1917-18 have been continued during the last year. Those 
at Kalianpur and Cawnpore were carried out by Mr. B. C. 
Burt while the Pusa tests were made in the Botanicar Area. 
The results are given in Table III. 


Table III. 


■ f 

Ttials of new Pusa 

ulieats at Pusa, Cawfepore and 
1913-19. 

Kalianpue, 

•> s 







Variety 

Pusa 

Cawniwre 

Kalianpur 

Eejlvrks 


Pusa 12 . , . 

__ 

2,230 

. 2,143 

In rJlcasc'S yieklr* 






arc ex]>res-e.'l 


Pusa .31 

1,974 

1,910 

1,708 

ill lb. per acre. 


Pusa 36 . . , 

2,139 

1,940 

2,061 



Pusa 37 

2,221 

2,020 

2,009 


' i ^ 

Pusa 43 . . . . 

1 2,496 

2,150 

2,170 
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TrirJ.s of nc.ic Pusa wheats at Pusa, Ca-wnpore and Kalian'pur, 
1918.-19— eonid/ 


Variety 

Pusa 

Cawnpore j 

Kaliaiipur 

Eemark.'^ 

Pusa 44 . . , ' 

2,496 

2,210 

2,072 


Pusa 45 . . . 

2,433 

2,280 

2,001 


Pusa 4 . . 

2,102 

2,130 

2,108 


Cawnpore 13 . . 

” 

. “ 1 

1,668 



The trials are being repeated as the season of 1918-19 in 
the Doah was abnormal. The monsoon was a failure at 
Cawnpore while hot winds during the ripening period 
lowered the yield of the later kinds very considerably. 

III. Indigo. 

In last year’s report, a somewhat detailed account 
was given of the work in progress on Java indigo. This 
dealt with a study of the conditions necessary for growth 
and for seed formation, of the factors of importance io 
root development and of the principles underlying improve- 
ment by selection. These investigations are being con- 
tinued and extended. During the past year, a number of 
interesting results have been obtained many of which bear 
on the practical aspects of the industry. 

Indigo urilt. One of the difficulties emcountered in the 
cultivation of Java indigo in Bihar is a condition known 
as wilt. After the middle of the monsoon, it often happens 
that the Java plant ceases to thrive, growth slows down, 
the foliage changes colour and afterwards becomes pro- 
gressively reduced in amount. This is followed by the 
gradual death of the plant. Associated with the wilted 
condition during this period is extensive destruction of the 
fine roots and nodules. As there a,ppeared to be a connec- 
tion between the rise of the subsoil water in Bihar (Plato 
YI) and the development of wilt, a series of lysimeter ex- 
periments wms carried out in 1918 in oi’der to dotermijio 
whether or not there is any relation betw^een writerlogginn 
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from below and the appearance of this trouble. The iysi- 
meters consisted of cemented tanks, of an acre in area, 
built above the ground level and provided with drainage 
openings which could be closed or opened at will. Two 
series of three lysimeters were constructed. One set was 
filled with soil from the Kalianpur farm near Cawnpore, 
the other with light Pusa soil. The Kalianpur soil is 
■exceedingly rich in available phosphate (0-318 per cent.) 
while Pusa soil, when analysed by Dyer’s method, gives 
very low figures for available phosphate (0-001 per cent.). 
The results obtained were as follows : — 

(1) In both Pusa and Kalianpur soil, the indigo in the 

lysimeters with free drainage escaped wilt. 

(2) When the drainage openings were closed and 

’waterlogging from below took place, all the 
plants were wilted in both Kalianpur and Pusa 
soil. 

(3) The wilt in the Kalianpur soil (rich in available 

phosphate) was much more pronounced than in 
Pusa soil (said to be low in available phosphate). 

(4) The growth in Kalianpur soil was much slower 

than in Pusa soil. 

(5) The stoppage of drainage brought about an inter- 

esting change in the root system of the indigo 
and caused the laterals to run near the surface. 

Root development. The systematic examination of the 
root system of this crop throughout the year, in various 
soils and under different conditions of growth, continues 
to yield interesting results. This work is still in progress 
and is not likely to be completed for some time. The effect 
of previous waterlogging on stiff soil on the root system is 
very marked. Pive months after sowing, equal areas on the 
the waterlogged and control plots were taken and the 
heights of the plants were measured. On the waterlogged 
T)lot, the average height of 200 plants was 10-4 cm., on the 
control the average height of an equal number of plants 
was 28-0 cm. When the root system of the plants on these 
plots was examined, it was found that the first effect of 
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waterlogging was to restrict the foots to the upper layers 
during the first few months of growth and to change the 
general character of the root system. The development of 
the tap root is soon arrested and later in the season one of 
the laterals after bending takes its place. When the sub- 
soil is more porous, the efiect of waterlogging before sowing 
is less. 

Selection: An important discovery has been made and 
utilized in the selection work in progress on Java indigo. 
Some time ago it was observed that if any set of August 
sown seed plants is cut back during the early hot weather, 
there is a great range in the capacity of the individuals to 
form new growth. There is every gradation between 
abundant and rapid new growth and the development of 
weak wilted branches. 

Seed 'production. For the fifth year in succession, the 
continuous Java indigo plot in the Botanical Area yielded 
a fine crop of seed in spite of an unfavourable season due 
to the heavy rains in August just after sowing and to the 
early cessation of the monsoon in September. This plot 
has never received any artificial manure nevertheless the 
seed crop continues progressively to improve. A good crop 
was also obtained on a field lent by the Dholi Estate. In 
this case also no artificials were applied to the land and the 
present is the third crop of indigo seed which has been 
raised during the last three years. 

In connection with these field results, the effect, on tJie 
growth and seed formation in this crop, of alterations in 
the soil texture was investigated by the modified system of 
pot culture described in a paper read at the Indian Science 
Congress at Lahore.l In this method, the soil conditions 
down to a depth of two feet can be altered by the addition 
of such aerating materials as sand, broken tiles and leaf 
mould or a combination of these substances. The effect on 
the growth and seed formation is given in Table IV where 
the results are expressed in grammes in terms of 50 plants. 

Agricultural Journal of IniJia, Special Indian Science Congresa Nunibor, J918. 
"P.;06. .. ■ ^ 
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Table IV. 


The effect of altered soil texture on groiotii and seed formation in 
Java indigo. 


Soil treatment j 

Weight of dry 
stems (excluding 
leaves) 

Weight of dry- 
seed 

1. Control (soil disturbed) 

68 

32 

2. Soil 1/2 -j-sand 1/2 . . 

127 

: 70 

,3. Soil 9/10 -{- potsherds 1/10 . . . . ; 

118 

92 

4. Soil 8/10 + potsherds 2/10 . . . i 

141 

94 

5. Soil 7/10 + potsherds 3/10 

136 

S9 

“6. Soil 4/10 +potslierda 3/10 +leafmould 3/10. 

744 

511 

7. Soil 7/10 f leafmould 3/10 .... 

907 

577 

8. Soil 5/10 + postsherds 2/10 + leafmould 3/10. 

905 

595 

9. Soil 6/10 + potsherds 1/10 + leafmould 3/10 

715 j 

685 

10. Control (soil disturbed) .... 

72 

1 

32 


An inspection of the table shows that while the substitu- 
tion of ten to thirty per cent, of the soil by potsherds multi- 
plies the yield of seed three times, the effect of leaf mould 
with or without potsherds was much greater. Thus the 
substitution of forty per cent, of the volume of the soil by 
leafmould (80 per cent.) and potsherds (10 per eeiit.) 
increased the production of seed twenty-one tiines. 
Another interesting feature was the cessation of growth in 
length in all cases at the beginning of December cpiite 
independently of the soil conditions or of the size of the 
plants. This always occurs under field conditions. For 
large yields of seed, large plants must be produced by the 
beginning of December and practically all the seeds must 
iiave set by this time. Bearing in mind the small amount 
of growth which is possible up to the beginning of October, 
it is evident how rapid the development must be during 
October and November if crops of seed over ten rnaunds to 
the acre are contemplated. 

'f'”' E 
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The growth of indigo. A large amount of oarsfu! 
experimental work has been carried out on the conditions 
necessary for the establishment of the ordinary crop. 
Sowing should be done early — if possible bfefore the hathia 
in the beginning of October — and the land should be clean 
fallowed and well cultivated beforehand. Later sowings' 
are nothing like so successful. As regards the soil condi- 
tions necessary, the addition of moderate dressings of. 
organic matter, applied in the hot weather or on the early 
rains, greatly assists in the establishment of the seedlings' 
and in the early growth of the crop. If sown on very poor 
land, it has always been observed that Java indigo estab- 
lishes with great difficulty and that numerous blank spaces 
occur. These results indicate the need of combined nitro- 
gen for the early growth of this leguminous crop. This 
was confirmed by the behaviour of indigO' on plots uniformly 
manured with 15 maunds of oilcake to the acre, a portion 
of which was waterlogged for a month before the crop was- 
sown. It is known from previous experience of the Pusa 
soil that waterlogging for a month during the late monsoon 
is sufficient to bring about extensive losses of combined 
nitrogen through denitrification. On the waterlogged por- 
tion of the plot, the indigo grew with great slowness at the 
beginning compared with the control and this difference 
has always been maintained through the hot weather. 
Thus the field results as well as those secured by the modi- 
fied system of pot culture, all point to the need of combined 
nitrogen in establishing a good stand of Java indigo. On 
the other hand, it is well known that heavy dressings of 
substances like seeth, oilcake, and farmyard manure stimu- 
late vegetative growth at the expense of indican formation, 
a process which takes place best if the plant is grown on 
land somewhat on the poor side. An interesting field of 
investigation is therefore indicated. It may be found to 
pay to stimulate the crop a little by means of organic matter 
so as to establish it rapidly and strongly even if the yield 
of indicaii per 100 maunds of green plant is thereby slightly 
reduced. The increased produce of indigo per acre might 
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be found to pay. Such a matter however cannot be settled 
by experiments on small plots on account of the well known 
difficulty in Bihar of obtaining even land to the depth made 
use of by this crop, and of manufacturing small lots of 
green plant. It is a matter which will have to be decided 
by general experience of work under estate conditions. 
Possibly the easiest and most economical method of testing 
tlie point would be to manure for the previous crop and to 
raise the indigo on land in fair condition. 

IV. Drainage and crop production. 

In the report of 1917-18, the bearing of the soil aeration 
factor on flood irrigation, as practised by the cultivators, 
in North-West India, was discussed. It was shown that 
successful irrigation involves more than the mere applica- 
tion of water and that the aim of the irrigator should be 
the 'provision of water in such a manner as to interfere as 
little as possible with the aeration of the soil. At the 
meeting of the Indian Science Congress at Bombay early 
this year, another aspect of soil aeration was dealt with, 
namely, inadequate drainage — a matter of particular 
importance in many parts of India. Over large areas 
nourished by the monsoon this factor bars progress. Its 
removal, however, is a matter which often lies outside the 
scope of the Agricultural Department and its mere con- 
sideration involves a multitude of other interests — those 
of the cultivator, the landowner, the revenue authorities, 
the engineer and the sanitarian. 

In the plains of India, defective drainage arises during, 
the monsoon from two distinct causes. In the first place,, 
when the soils are on the stiff side, local accumulations of 
rain water rapidly lower the fertility. In the second 
place, the subsoil water often rises to such an extent at a 
time when the flow of the rivers is impeded that little or 
no general drainage is possible over large tracts of the 
alluvium. 

Surface waterlogging has been found to affiect growth 
in two ways— by the destruction of available nitrates and 
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by a p,rofouiid alteration in the physical texture of the soi.L 
^\aieii the land dries after a long period of surface watei'- 
logging, it is difficult to obtain the ideal crumb structure 
and to provide sufficie.nt room in the soil for root develop- 
iiieiit. The clods do not readily break down under the 
beam and the soil is gummy to the feel. Colloidal sub- 
stances appear to be formed under these anaerobic condi- 
tions which not only hinder the fo.rmation of a good tilth 
but also prevent percolation. It is quite common at Pusa 
after a very heavy monsoon to find the 23 ore-spaces near the 
surface almost entirely filled with water for some consider- 
able time after the level of the rivers and of the ground 
water has begun to fall. The surface soil does not seem 
to be able to drain. An improvement in the texture fol- 
lows if the surface drainage is improved and in cases where 
organic matter has recently been added to the soil. The 
gummy substances do not then seem to be formed to any 
great extent and the clods readily break down. '].ffieso 
matters require exact and careful investigation and it is 
difficult to suggest a more promising field of work for the 
soil physicist in India. ' 

The effect of the rise of the subsoil water in preventing 
drainage is well marked in .North Bi.liar after tlie monsoon 
has set in. The flow of the local rivers is soon checked l)y 
the rise of the level of the Ganges. As a result, tiie 
rivers overflow and the low-lying areas go under waf.er. 
The rise in the level of the rivers is followed by a rise in. 
the water-level of the wells. These movements of tiu^ 
river-level and of the general ground-water are illustrated 
in the curves oj^posite (Plate VI) wliich represent tlie condi- 
tion of the river at Pusa and of one of the wells (about a 
quarter of a mile distant from the river bank) for tlie 
years 1910, 1912, 1913 and 1914. It will be seen that the 
■curves of the ground-water level vary according to tlie yea.f . 
In some 3 ^ea..rs like 1912 and 1914, the curve is even a..nd. no 
great oscillations of level occur. In others, siicb. as lillO 
and 1913, there are well-marked oscillations. These oscil- 
lations, from the plant’s point of view, are of the greatest 


CHANGES IN THE RIVER AND WELL LEVELS 


The well levels are shown by dotted lines 
The observations are expressed in feet 
above mean sea level. 
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importance as a fall in tlie level of tlie ground-water means 
a strong downward pull and the temporary resumption of 
drainage and of soil-aeration. In interj^reting field experi- 
ments therefore in the monsoon, the amount of drainage 
which is possible may easily prove to be an important 
factor. ; 

The effect of improved surface drainage on crop pro- 
duction has been found to be very considerable in the 
Botanical Area at Pusa. Not only is the loss of nitrates 
by denitrification greatly .reduced but good drainage, com- 
bined with the checking of erosion, has had the effect of 
maintaining the fertility with a comparatively small 
expenditure of organic manure. The behaviour of two 
typical plots in the Botanical Area brings out this point ; 
clearly. In the case of plot 10/ one and three-quarter ' 
acres in area, a typical wheat soil of rather heavy texture, 
the records show that during the last 15 years this field has | 
produced 13 heavy cereal and 2 good pulse crops while the 
manurial treatment has consisted only of three green 
manurings with sanai {Crotalaria juncea) and a single 
dressing of castor cake at the rate of 15 mds. per acre. 
The present condition of the land shows that it has 
improved under the treatment. In 1919, yields of over 30 
mds. of wheat to the acre were produced in a season which 
did not favour heavy crops. Another plot, No. 1, of some- 
what lighter land and about one acre in area, has given, 
since 1905, 10 good crops of cereals, three of pulses and 
two of indigo seed. The manuring for these 15 heavy 
crops consisted of three green manurings, a total of 15 
tons of farmyard manure per acre and a single dressing 
of 10 maunds of oilcake to the acre. The wheat croj) of 
the last year was over 29 mds. per acre, the highest so far 
given by the area. Here again the land has increased 
rather than decreased in fertility. Similar experience 
has been obtained at Quetta where an area of land 
about 3 acres in area has been contijiuously cropped, 
with wheat without manure since 1912. The wheat is 
raised on a single irrigation applied before sowing and 
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R-fter the crop is reaped, care is taken to plough up the 
stubbles and to expose the soil to the sun and air during 
the summer months. The yield in 1919 was just under 20 
mds. per acre, the highest so far obtained. Results such 
as those quoted above indicate that alluvial soils, if 
properly managed, - do not require large quantities of 
organic* matter to keep up their fertility. That such 
yields can be obtained at all indicates that nitrogen fixation 
in these soils must be much greater than is commonly sup- 
posed. The results obtained in the Botanical Area at 
Pusa and on the seed farms in the United Provinces clearly 
indicate that any fears of soil depletion in the plains of 
India are groundless. Increased rather than decreased 
yields are to be expected as surface drainage is improved, 
as erosion becomes checked, as the texture of the land is 
improved by the extended use of suitable leguminous 
rotations and as the conditions necessary for nitrogen fixa- 
tion are elucidated and applied. 

V. The SUN-DRYING OE VEGETABLES, 

The work in progress at Quetta on the sun-drying of 
vegetables has been extended considerably. Towards the 
end of last year (1918) this product was placed on tlie 
market for the first time at Quetta and also at Calcutta. 
About 1,500 half-pound tins were prepared which found a 
ready sale. The demand at Quetta was extraordina.]*y. 
The orders amounted to about 20,000 tins of which only 
about five per cent, could be met. The principal purchasers 
were the engineering parties engaged on the Nushki Exten- 
sion Railway and the various regiments operating in 
Mesopotamia and Persia. 

An exhibit of Quetta sun-dried vegetables was arranged 
at the hledical Conversazione at Pafel held in connection 
with tlie Bombay meeting of the Indian Science Congress. 
aVs usual, this attracted the attention of a large number of 
visitors. It also»led to the establishment of an agency in 
Bombay for the sale of the product. The exhibit 'was 
afterwards shown at the Imcknow Flower Show. 
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During the present year (1919), the production of sun- 
dried vegetables at Quetta has been increased and seven 
selling agencies in India, in addition to the one at Quetta, 
have been stocked. The cost of production has been con- 
siderably reduced and the work accelerated by the use of 
power peeling and slicing machines imported from 
England. These have proved very successful and easy to 
■■operate. 

The preliminary results obtained on the anti-scorbutic 
and anti-beri beri properties of sun-dried vegetables were 
■communicated by Captain Shorten, Professor of 

Physiology, Medical College, Calcutta, to the Medical Sec- 
tion of tile Indian Science Congress at Bombay. This 
.aspect of the work has since been considerably developed 
and it is expected that the experiments will be completed 
during the present year. 

VI. Fruit packing. 

The sale of improved fruit boxes to the trade at Quetta 
■continues to be satisfactory in spite of the delays on the 
railways resulting from the military situation on the Fron- 
tier in 1918 and 1919. It was expected that this cause 
would be sufficient to put an end to the business for the 
time being but the demand continues to increase and the 
boxes are sold off as fast as they can be prepared. One 
encouraging feature is the increasing tendency on the part 
of the dealers to purchase the well made strong crates 
holding 24 punnets which are now returned free of charge 
from all stations in India to Quetta and Ghaman and 
which can be used many times. These are sold for Es. 5-8 
each and are taken up readily. It is quite safe to say that 
seven years ago when this work was started, not a single 
returnable crate would have been bought by the dealeis. 
They have since found by experience, however, that it pays 
to put money into better packing and to adopt a system by 
■which damage in transit is reduced to a minimum. 
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VII. Tobacco, fibres and gram. 

ToUcco. The deBiand for seed of Type 28 oontinues 
to increase both for general oultwatxon and for cigarette 
purposes, Indents for about 5,000 acres of new cul na- 
tion were dealt with which has exhausted the whole ot the 
supply of seed. A number of late indents baye been trails^ 
ferred to 1920 An effort will be made this year to grow 
a. laro'er stock of selected seed. In addition to applica- 
tions for seed, a number of correspondents have asked tor 
samples of cured leaf. It was impossible to supply any o^f 
these as all the land available was used for producing seed. 

Fibres. In addition to its suitability for India, the 
improved type of 'patwa (Hibiscus cannaSinus L.) known 
as Type 3 is doing well in qtber countries. After the pre- 
liminai 7 trials, the Agricultural Department of the Union 
of South Africa cabled for five tons of seed of this variety. 
Only a hundred pounds could be spared and so the oppor- 
tunity for introducing this type on a large scale into South 
Africa was lost. 

Gram. A comparative trial at Pusa of some of the 
more promising types of gram gave the following results 


per aere,,. 



Mdfi. Scora 

Type IT ... 

. 29 32 1 

Type 18 . 

. 27 37 

Type 6 ... 

. 27 22 

Type 23 . . . . 

.. 20 25 

Type 25 . • 

. 25 15 


h. coiisiderabie demand for seed of some of these types 
has arisen, a smalT portion only of which could be satisfied. 


VIII. The pollination of Indian crops, 

A further paper dealing with the pollination, of Indian 
crops was prepared for publication during the year. In 
this the following crops were considered— San. Iioni|) 
[Crotalaria juncea L.), pigeon pea {Gajanus mdicus 
Java indigo {Indigofera arrecta Hochst.), Sumati’arm. 
indigo (Indigofera Sumatrana Gaertn.), linseed (Lmura 
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usitatissimum L.), tara/mira ov duan (Eruca sativa L.), til 
(Sesamum indicum L.) nigeTi {Guizotia abyssinica Cass.),, 
jute {Corchorus cafsularis Tu. &C. olitorius L.) and roselle- 
(Hibiscus Sabdariffa L.). 

In the case of the leguminous crops studied— san hemp,, 
pigeon pea, Java and Sumatrana indigo— it was found 
that methods of pure line selection based on the isolation 
of single plants are not likely to lead to any improvement.. 
In these plants, methods of mass selection, in v^hich cross- 
ing is permitted within certain limits, are likely to be con- 
siderably more successful. 

In Indian linseed, natural crossing was* found to be^ 
greater than was expected from a study of previous obser- 
vations and of the mechanism of the flower. In critical 
work on this crop, it will be necessary to raise all seed 
under net. 

IX. Programme and publications. 

Progvmmie, 1919-20, Investigations will be continued 
on the following crops on the lines indicated in the annual 
reports and in the publications of the Section — ^wheat, 
tobacco, fibre plants, indigo, gram, oil seeds, fodder crops, 
and fruit. 

Publications, Thirteen papers were written during 
the year of which the following have already appeared 

L Tiuprovomoiits in tlie Packing and Transport of Priiit in 

India. Bulletin 2, Fruit Eatyerivieni Station, Quetta. 

Third Edition, 1919. 

2. The saving of irrigation water in wheat growing. BidUiin 

4, Fruit Eaperim,ent Station, Quetta. Second Edition, 

1919. 

3. Ileport for 1917-18 on Economic Botany for the Board of 

Scientific Advice. 

4. Drainage and crop production in India. Agricultural 

Journal of India, Special Indian Science Congress- 

Number, 1919, p. 377. 

5. Tim agri(‘,ultural develop incut, of Baluchistan. Bulletm 77,., 

Fruit Experiment Stalif^ia, Quetta, 1919. 
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REPORT OF THE IMPERIAL MYCOLOGIST. 

(E. J. Butleb, M.B., E.L.S.) 

I. Charge AND Establishment. 

I iielcl charge of the Section until 8tli July, when I pro- 
ceeded to the Federated Malay States on ' deputation to 
advise on some matters connected with the local Agricul- 
tural Department. Dr. Shaw, Second Imperial Mycologist, 
officiated for me until my return to India on 14th Novem- 
ber. During this period Mr. Dastur, First Assistant, 
officiated as Second Imperial Mycologist. 

I was appointed Joint Director of the Agrieuitiirai 
Research Institute, Pusa, in addition to my own duties, 
with effect from, 20th January. Mr. Dastur was promoted 
to the Imperial Service and appointed Supernumerary 
Mycologist on 30th June, 1919. 

II, Training. 

Mr. M. Mitra, M.Sc., did a short period of research 
work, as a private student, up to 28th August, 1918, and 
again joined for a complete course on 27th M.'ay, 1919. 
Pandit S. D. Joshi, B.Sc., a private student, is taking tlie 
full course from 12th June, 1919. 

III. Mycological Conference. 

The second conference of mycological workers in India, 
-was held last February, and was constituted, under the 
orders of the Government of India, as a sectional meeting 
of the Board of Agriculture. Under these orders, wdiich 
Vfere issued as a result of the discussions at the Board of 
Agriculture meeting at Poona in 1917, it is intended to hold 
similar meetings biennially in those years in, wlucii the 
bieiinial meetings of the full Board do not take })]ace. Idjc 
meeting was attended by practically all the myGolog.istH in 
India and lasted four dajos. A separate report of ih(,^ 
proceedings has been issued. 
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IV. Diseases of plants. 

( 1 ) Ufra of rice. An account of the investigations on 
this disease carried out since the Bulletin published in 1913 
was issued as a Memoir early in 1919. This contaius a 
i'urtlier study of the life-history and activities of the rice 
womij Tylenchus angustus\ an attempt to explain the ano- 
maiies in the behaviour of dilferent classes of cultivated 
paddies to the disease, which were noticed in the earlier 
paper but which remained a complete puzzle until the close 
relation between atmospheric humidity and the movements 
of the worm on a dry surface iva,s discovered ; and finally 
the a plication of the facts ascertained to the control of 
Iho disease. Further work is in progress or contemplated 
regarding the factors which influence the motility of the 
woian and tliose Avhich influence its persistence under field 
corulit/ioMs from one season to the next. 

(2) Black Band ^ disease of jnte. The research work 
oil this disease was continued by Dr. Shaw during the year 
under review. The amount of disease in the Bihar Jute 
cii'o}) was considerably less in 1918, than in the previous 
year, '’.i'his was very possibly due to the earlier termina- 
i,if>n of the inoMsoon, and the consequent exceptional dryness 
during Hoptember, resulting in the Jute seed crop being 
harvested a month earlier than in 1917. On the Piisa 
Ihirm, while the incidence of the disease was slight in the 
main a,rca of the crop, one small field was very badly iii- 
fecLed. This ])a,rticiila,r area had been under Jute in 1916. 
'Whether the intensity of the disease in a crop is in any way 
bound up with the length of rotation practised is a factor 
which must be considered in future field experiments. The 
fa,ct, uientioued in the last report, that the late sown crop 
appears to be relatively immune was abundantly confirmed 
from the iusjicction of the Jute crop all over Bihar. Statis- 
tics obtained from the diseased portion of the crop on Piisa 
Farm showed that it is only stems of a certain size and 
.maJmriiy which are liable to infection under natural 
aujudi lions in the field. Thus of stems over 5 feet high 
..about 29-25 per cent, were infected with Diflodia 
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Corchori, a,nd the same proportion of diseased plants- 
was observed on counting only stems which were 1 
inch or more in thickness at the ground level. In any jute 
crop, iKn.vever, there is a considerable nuinber of plants 
which are the result of late germination and in which the 
stems remain thin and relatively short. Among sterns oi 
this size the disease was practically non-existent, and ii 
such plants are included in the estimation the proportion of 
diseased stems may be as low as 3 per cent. The proportion 
of diseased stems among the larger plants, however, gives a 
more accurate measure of the extent of damage to the crop. 

Ill Eastern Bengal, in August and September, 1918, the 
fungus was found present in Dacca:, Mymensingh, Sin- 
jhani and tlaldibari, The nuinber of diseased steins was 
very small, however, and unless the disease appears earlier 
it is evidently not likely to be a serious source of damage to 
the fibre crop. An interesting fact observed was tlmt, in 
Dacca, red-stemmed varieties of Cor chorus cccpsulnris 
seemed to be less susceptible to attack than green-stem humI. 
On the Bajshahi Farm the crop was C. olitorius, both red 
and green-stemmed varieties, and in this crop also the di- 
sease was practically absent. Inocula.tions now in jirogross 
do not, however, support the idea that red-stemmetl forms 
are absolutely immune. A number of artificial infections 
on the variety “ kakya bombai ” were carried out in the 
field, and of inoculations upon wounded stems 90 per cent, 
proved fatal and upon uninjured stems 50-60 per cent, 
resiilted in, the death of the plant. The success or failure 
of an infection upon an uninjured stem is probably very 
closely related to the conditions of temperature and 
humidity at the time and an endeavour will be made to 
elucidate the relative importance of these factors in the 
success of an inoculation. Microscopic examination 
shows that the hyphas are capable of penetrating tlie 
epidermis directly and set up a rapid rot and diaintcgi.-a- 
tioii in the cortex. This suggests the presence of a cytoly- 
tic enzyme, and. indeed the fungus has been cultivated suc- 
cessfully on pure cellulose in a solution of inorganic salts. 
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.During the season 1918 a series of field experiments 
was carried out with the object of throwing some light on 
the condition affecting the spread of the disease. The 
results were not so defi.nite as was hoped, the experiments 
isuffering considerably from the abnormal monsoon of 1918, 
but suggested that the spread of the disease through spores 
mingled with the seed was not an important means of disse- 
mination. In this case it may not be necessary to persist in 
the steeping of the Bihar seed crop in a disinfectant. As 
a precautionary measure, however, the treatment with 
nopper sulphate was carried out this year with some 40 
tons of seed grown in Bihar, 

While working on the black band disease of jute, a 
number of cases of disease due to infection with the sclero- 
tial fungus previously klentified as Rhizoctonia Solani 
Kuhn were met with. It is by no means uncommon in the 
field for both this fungus and D. Corchori Syd. to occur on 
the same plant, and at first the natural tendency was to 
assume that all the pycnidia which were so frequently found 
associated with the sclerotial fungus were immature 
pycnidia, of D. Corchori. In 1917 some jute plants were 
inffxitod wiili ])ure cultures of R. Solani and all the plants 
l>ecaine diseased and died. Upon the diseased portion of 
tlie steni small black pycnidia appeared. As these infec- 
tions were carried out on plants in a field in which D. Cor- 
chori was rampant, it was thought that we had here a case 
of a, natural infection with D. Corchori superimposed 
uj)on the aitificial inoculation; a brief microscopic examin- 
ntioii showing a condition which was considered to be 
immature 1). Corchori. In 1918 observations at Dacca 
■showed some cases of disease due to R. Solani in which the 
infection had obviously commenced at a point 2-3 feet 
above the ground level, and at the time it was by no means 
|)la.in how a fungus which was only known in a sclerotial 
form succeeded in establishing itself in this way. More- 
over, tliose specimens and other similar cases in the Pusa 
crop also sliowed a pycnidiiim on the outer surface. These 
pycnidia and those occurring on the infections of 1917 
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were now subjected to a more critical exaniiiiatioii. Hic 
Md specimens from Dacca and Pusa both agreed with the 
infected stems of 1917 in the character of the pyciiidiuni 
and spores which it contained. While this resembled an 
immature stage of D. Cofchori very closely it was obvious 
that, in the case of the 1917 infections, since they were at 
the time of this later examination nearly a year old, 
if the pycnidia were those of D. Corohori they 
should contain mature bicellular spores. In all cases, 
however, the spores were hyaline, oval and unicellu- 
lar, and the possibility that this pycnidium was not 
an immature condition of D. Corchori but was a separate 
fungus, perhaps a stage in the life-history of the sclerotiaf 
fungus, had to be investigated. Measurements showed that 
the spores from the infected stem of 1917 were lOft— 
X5^— 9ja. In the case of specimens collected in the held 
in Pusa the measurements were 16/x-~25/xX 7/x-~9/a , and in 
specimens from Dacca 20/x— 28/>tx7/Jt-“l0fi. The K})ores 
of Diplodia Corchori average 24|axl2/A, betwecTi the limits 
20ja— 29/aXl0f(-“~15/x; while therefore the spores op I), Cor- 
ckori are twice as long as broad, those of the new ])ye.nidiuTii 
are about the same length but narrower. Tliis distinct Ion 
is not sufficiently marked tO' enable these spores to be remlily 
distinguished from those of an immature pycnidium of /h 
Corchori, but since the former never become dark coloured 
or bicellular they can easily be distinguished, ])r()vided tlu‘ 
age of the infection from which they are taken is known 
The question whether this new pycnidiuiu wa.s a sragc' 
in the life-history of the sclerotial fungus, identilicd in 
previous communications as R. Solani, could only l)e settlod 
by culture work. Since this work is in progress at the 
time of writing, it is possible that the conclusions put for- 
ward here may be modified in the light of subsequent know- 
ledge. Infections were carried out with a pure cidture j.d' 
the sclerotial fungus, isolated in Dacca, on four jute plants 
in Pusa. Ail these plants developed sclerotia and alscv 
pycnidia, containing spores measuring l()—21/xx7 — 9/x. 
Cultures were obtained on agar from single spores and from 
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single sclerotia, and in both cases produced the sclerotial 
fungus (R. Solani) exactly as the original inoculum. Di- 
seased plants from Dacca were found to carry both R. 
Solani and a pycnidium containing spores 20— 28ju. x 7 — 10/x. 
Cultures from single spores and single sclerotia from these 
specimens both gave the sclerotial fungus. The suggestion, 
therefore, is that the pycnidium is a spore-bearing stage of 
the sclerotial fungus, and that this pycnidium only occurs 
on the jute plant, the sterile form occurring in culture. 

In April, 1919, a reference was noticed, in a current 
mycological journal, to a fungus parasitic upon jute in 
Formosa. The fungus was named Macrofhoma Corchori 
Sawada sp. nov., and from the description appeared to be 
identical with the pycnidium described above. By the 
courtesy of Professor Kaneyoshi Sawada material of this 
fungus has been obtained from Japan and examined in 
Pusa and found to agree with the Indian specimens. 
Specimens have been sent to Japan in order that a similar 
comparison may be made there. 

(3) Fruit work in .Kumaon. The root rot of apple 
and cherry trees due to a species of Rosellmia continued to 
cause a certain amount of loss. Some dead trees have been 
left standing in the hope that the perfect stage of the 
fungus will be produced and will enable the species to be 
identified. This disease was most severe on a section of the 
orchard which had been recently cleared of jungle and, as 
mentioned in the last report, is generally worst on the black 
soils which are ricli in humus acids. It also appears to be 
favoured in situations where drainage is deficient, and ex- 
tensive drains are projected oil one orchard. 

The apple cracking and branch blister, which was attri- 
buted to the fungus Co7iiothecium. chomatosfonim, was not 
so severe. Field observations have raised considerable 
doubts as to whether this disease in Kiimaon is of the same 
nature as that described in Europe and South Africa under 
this name. Thus while the cracking of apples occurs on 
one variety, the branch blisters are present on two other 
varieties of which the fruit is undamaged.. Further work 
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is necessary before the conclusions of previous authors can 
be entirely accepted. Spraying, experiments with lime 
sulphur, Berger’s lime sulphur and Burgundy mixture 
failed to check completely the disease. About 5 per cent, 
of the fruit of ,n, certain variety, on both sprayed and un- 
; sprayed trees, was damaged. 

Apple mildew {Podosfhwra sp.) is perhaps the most 
widespread of the fungal troubles of apple trees in Kumaon. 
This -disease seems to spread rapidly during the month 
immediately preceding the break of the monsoon. Spray- 
ing with lime sulphur during this period was not very 
efficient in controlling the disease, although in one or two 
cases, in which, at the risk of damaging the tree, a heavy 
-application of double “ summer ” strength lime sulphur 
was applied, the disease was brought under control and in- 
fected shoots produced a further growth of healthy leaves. 
During 1918 mildew vcas especially severe on one orchard 
on which during that year no spraying had been carried 
out. In 1919 the spraying upon this orchard was done with 
a mixture containing iron sulphide, prepared accor-diiig to 
the formula recommended for the Pajaro Valley, and 
mildew was very much less than in the previous year. Ex- 
periments will be carried out during the coming season to 
test the relative merits of iron sulphide and lime sulphur as 
sprays against apple mildew. Of the various varieties of 
apple, “ Northern Spy ” is the most liable to mildew in 
Kumaon, and serves as a centre of infection for other varie- 
ties. It is being destroyed on one orchard. 

Ely &|)eck and sooty blotch {Leftothyrium Pomi) is a 
disease which, while not actually damaging the apple, 
aileots the market value of the fruit owing to the unsightly 
markings which it causes on the skin. This disease was 
much less severe on the trees which had been sprayed with 
lime sulphur than on trees which had not been sprayed at 
all. 

Peach leaf curl {Ewooscus deformans) had been serious 
in 1918, and in 1919 certain areas under peach were treated 
with lime sulphur, Burgundy mixture and Berger’s lime 
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sulphur. All these sprays proved efficacious and there was 
not a single case of the fungal leaf curl in the sprayed 
areas. It was very interesting to note that one tree which 
had escaped the attention of the spraying gang became 
covered with the leaf curl. 

During the progress of the spraying experiments in 
Kumaon striking di:fferences were noticed both in the sus- 
ceptibility of different varieties of apple to disease and their' 
liability to spray injury from the different sprays. Future 
spraying experiments will be largely influenced by the in- 
formation obtained in this direction. 

(4) Chilli diseases. The study of the diseases of 
chillies has been continued by Mr. Dastur. 

Further experiments in the treatment of “ die-back ’’ 
caused by V ermic'dlaria Capsid Syd. did not give any defi- 
nite results. The methods adopted were preventive spray- 
ing, shade, and late sowing. There was a failure of the 
monsoon in September and October, and the consequent 
dryness of the air, at the time when the normal high humi- 
dity and the susceptible stage of growth of the plant 
usually combine to produce an outbreak, prevented the 
fungus from developing, and the crop remained free from 
attack. It was, therefore, impossible to judge of the effect 
on the disease of the various measures tried. However, it 
is evident that an attempt to avoid damage from this para- 
site by sowing a month later than the usual time, so that the 
susceptible period when flowering occurs may be delayed to 
the drier period of the cold weather, is not likely to be com- 
mercially profitable. The yield of fruits obtained from 
the late-sown crop was very poor. Similarly the iiitercul- 
ture of rahar {Gajanus indicus) as a shade crop between 
the rows of chillies had the effect of stunting the latter and 
cannot be recommended. Further experiments on the same 
lines are being continued this year. 

The blossom and twig rot of chillies, caused by Choane- 
fhora cucurhitarum (B. & Eav.) Thaxt., -which was men- 
tioned in last year’s report as having done considerable 
damage in 1917-18, was not observed last year on a single 
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plant. This suggests that the disease is dependent on 
humidity, the chief difference between the tAVO seasons being 
the abnonnal dryness of that under report at the llowering 
period. 

Some damage was done by a new chilli disease, the cause 
of Avhich, is unknown. It starts from the base of tlic foi’kcal 
branches and is characterized by a dull black discolorati(.)n 
of the green bark which travels up the limbs and down the 
main branch. The black bark later becomes cbalky-wliite, 
the appearance being quite distinct from that caused by 
die-back. On the ivhite portions raised blisters appear and 
these crack longitudinally. As a rule the injury is confined 
to those parts of the plant facing south. No organism has 
as yet been detected associated with the diseased condition. 
The effect on the plant is to cause the upper parts to shed 
their leai^es and gradually die back. 

(5) PytMum disease of ginger, tobacco and papaya. 
The work on this disease, commenced about three years ago 
by L. S. Subramaniam, Third Assistant, was completed to 
a stage justifying publication recently, and an account of 
it is no AV ill the press as a Memoir. 

The parasite Avas first isolated from tobacco and subse- 
quently from ginger and papaya. In all cases it proved to 
be the same species and the strains from tobacco and ginger 
AA'ere each found capable of attacking the other tAVo hosts. 
It has also been found in nature tO' cause a damping oil of 
chilli seedlings, and artificial inoculations Avith cultures 
from tobacco and ginger gaA^e successful infection of chilli, 
castor and potato. The strain isolated from papaya has 
hitherto only been tried on the same host, but from its simi- 
larity to the others, and the readiness v/ith Avhich these 
attack the papaya and produce the typical symptoms, it 
may be expected that the papaya fungus Avill also attack 
the other plants mentioned. There is, therefore, so far as 
the. ex|>eriments go, no indication that the fungus possesses 
specialized races. 

On tobacco and chilli the attack is a simple damping off, 
similar to that caused hj-Pythium de Barymum. Inirge 
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iiuiiiber of plants are sometimes destroyed in the seed lieds 
from this cause in the neighbourhood of Piisa. On older 
plants attack cannot be secured unless the humidity is 
maintained at a high level, and such himiidities are not 
iisiially found at any but the early period of the grov/th of 
the crop in Bihar. Natural attack on plants subsequent to 
the seedling stage have not been observed. 

On ginger the disease has long been known and its hold 
characters and control were described by Mr. McRae in 
1911. It causes a soft- rot of the rhizomes and base of ihe 
stem in several widely-separated parts of India, and is a 
disease of much importance to ginger cultivation. As the 
underground parts are attacked, the disease is found during 
periods ■when the soil is moist, and is chiefly coiifiiied to the 
iiionsoon and early part of the dry weather -following. It 
may thus last almost up to the time when the plants are 
tiilly gi’owii. 

On papaya the attack usually takes the foriri of a foot 
:rofc of the base of- the stem a,t or Juel above ground level. 
Sometimes the stem higher up is affected. Large area-s of 
-soft rotting develop and the tree is often ultimately blown 
over. As before, the progress . of „ the disease is- us'iially 
-ccmfiiied to Olie- -rainy season. 

The fungus on g;iiiger was foimierty ideiiti-fied by the 
write-r as lA/iflcbiM gracile Schenk, but these fu-L’ther s^Uidies 
liave led Siibrainaniam to separate it from that species, and 
lie has named it P. Btitlen ii, sp. It is evidently a 'wide- 
spread and, at times, destructive parasite in India. 

Definite suggestions for its control have lieeri made, and 
tested experimentally .-with good results, by Mr. McRae for 
ginger and L. S. Siibrainaniam for papaya. Attempts to 
check it in tobacco seed beds have proved less •siiceessfui. 
Treatment of the soil -vdth the ordinary antiseptics usually 
recommended has failed, but a treatment by burning dry 
grass on the surface was effective on a small scale. Further 
work ill this direction is required. 

(6) Pigeon pea wilt. . Work -on this disease was con- 
tinued by the writed in collaboration with Mr. Finlow, 

f2 
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Fibre Expert to the Government of Bengal. ^ It has boeii 
noticed during the last few years that the incidence of will 

in the pernianent manurial experiments on the faj'm va,rics 

greatly in the different plots, being less in those that iia,vtv 
received no manure and more in those that have had mineral 
fertilizers. This occurred in both series of the experiimmts. 
and was too clearly marked to be accidental. Its exaani na- 
tion has been taken up in the hope that it may throw some 
light on the obscure problem of resistance and siisccptihilit )' 
to fungous diseases in plants. The cropping liostory and 
soil composition of these plots are particularly well known, 
and they have received uniform treatment for the past 
eleven years, so that tliey are very suitable for the purpose. 

Two possibilities suggest themselves : either the treat- 
ment of the plots has in some way altered the compositioii 
or characters of the host plant, or It has infiuenced t he 
parasite. If the former, it should be po.s.sible to corr{‘<.‘(. tht^ 
deleterious effect of the mineral fertilizers by af){)ropj-ia,1(‘ 
manurial treatment, since it is presumably iiutriiioiiah, 
For this purpose a second series of permanent manurial 
experiments has been laid down and artilicially infected so 
as to produce a heavy attack of wilt in all the plots in the 
first year. If the condition depends on some en'ei-t, ol’ tJic 
mineral fertilizers on the para.site (whidi. is a .soil fungus), 
it should be possible to detect this by regarding the soil us 
a culture medium and examining its effects on the vigour o!‘ 
virulence of the fungus. For this purpose pot cult.ures with 
soil from the permanent plots have been staj'ted uiu! haxi- 
alrearly given some interesting results. Attempts ha,\'i'. a hso 
been made, hitherto without success, to determine cjuajitita,- 
lively the amount of the parasite in the .soils of the <iiffe'r- 
ent x>lots, and, it is proposed to test the effect of the .soil solu- 
tion on the growth of the fungus. Mr. Finlow has mean- 
while carried out a complete ash analysis of the ]>lajjt from 
several of the plots. The root development under <liftVi'(‘Ut 
manurial treatments is also being examined. It is not; 

, expected that definite results will be obtained before several 
years. ' ’ ■ 
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(7) Sugarcane smut. Mr. Pastur has inyestigated the 
mode of infection of the sugarcane smut, Ustilago Sacchari 
Rabeiih. It has been found that direct infection of thin 
varieties of cane can take place only in two ways : (1) 
through the young tender “ eyes ” and (2) through the older 
“eyes'’ when they are wounded or injured. Thick cane 
varieties can only be infected in the latter manner, and this 
is evidently one of the causes of their relative immunity to 
smut. The infection has not been found to take place 
through the cut ends of setts or through adventitious roots. 
The hyphse enter the “ eyes ” through the unthickened scale 
hairs, and have not been observed to penetrate the epider- 
mal cells directly. Inoculated plants have given smutted 
shoots in two months, while setts cut from canes, the dor- 
mant eyes of which ivere infected in the autumn, ga ve rise 
to smutted stools when sown the following spring. This 
explains why setts taken from stools which, show no exter- 
nal signs of the disease can, when planted, give a smutted 
crop. Further work is in progress but the results already 
obtained mark a decided advance in our knowledge of the 
mtiology of this important disease. 

(8) Rangoon bean. The disease of the Rangoon bean 
(Phaseol'tis lunatus) originally erroneously reported in the 
press as due to PhytoiMhom was investigated by Pr. Shaw 
during the past year. The attention of the Department of 
Agriculture, Burma, was first drawn to this disease by a 
Europe^in planter engaged in agriculture in the Kyaiikse 
District, It is not improbable that the disease is of long 
standing as even now Burmese cultivators are reluctant to 
report its presence and may have had it for years without 
the local agricultural authorities knowing of it. The recent 
increase in the area under Rangoon bean (“ pebyugale ”) 
and the method of cultivation which is practised, may have 
inci’eased the amount of the disease, but there is no means of 
judging of the extent of the trouble prior to the first report. 

Tlie increase in the area under Rangoon bean, conse- 
quent upon the rise in price of this commodity during the 
war, led to the crop being grown in situations in which it 
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would, not otherwise have been laid down. In parlicuiar,. 
mango gardens were cultivated with “pebyiigale^’ uinlei; 
the trees, and in such shaded situations the disease sceiris 
worse. 

The method of cultivation takes no account o,l‘ tlie iiabil, 
of Pliaseokis lunatus. This plant is a climber. It is, iiow - 
ever, hardly ever grown as such, but the seed is broadcasted 
on the field and the plant is left to form a straggling growth. 
The result of this, and of the heavy sowing rate, is to foriii 
a dense mat of vegetation, about 18" or more thick, all over 
the field. Within this light and air cannot penetrate and 
humidity is very high. The conditions within such a mat 
ojf vegetation are ideal for the development of any fungus, 
and particularly for a fungus which makes its most active 
growth at relatively low temperalures as does the present 
parasite. 

In a publication of the Burma Department of Agriciii- 
ture (Leaflet No. 47) it is recommended that the cto|) )>e 
sown in lines 2-| feet apart. Where this advice has been,, 
followed, little or no disease can be seen and the yielt.) <d' 
beans is actually improved, as where the plants are widely 
spaced a far greater number of flowers are borne and conu^ 
to maturity. 

The fungus possesses large black sclerotia with a s(‘f)L‘Uiv 
mycelium bearing a conidial stage in the genus Bolriflis. 
Upon damp sand or moist corn meal the sclerotia, will ger' 
minate and produce long stalk-like structures. So far t liese 
stalk-like structures have failed to produce any fructifii'a,- 
tion. During the forthcoming cold season infections will 
be carried out on a number of different species of Phaseoli/:^.. 

(9) Otlier diseases. The rotting of stored potatoes is 
a serious problem in several parts of India, both as a.rfect- 
ing potatoes stored for seed and as restricting the supply 
intended for consumption. Dr. ShaW( visited Poona in 
November to see the potato storing system worked out Iw 
the Bombay Department of Agriculture in co-operation, 
with a private' firm, and to advise on the methods adopted 



INSTITUTE, PUSA, FOR 1918-19 81' 

Some 900 tons of potatoes intended for Mesopotamia had 
been dealt with in this manner very successfully. A field- 
man has been placed in charge of experiments carried out 
during the present hot weather in the Punjab. The whole- 
subject was discussed at length at the mycological meeting 
in Pebruary, and the directions in which further work is 
desirable were brought out. It seems probable that progress 
wdll be difficult unless some method can be devised of stor- 
ing the tubers at a lower temperature than that to which 
they a, re habitually exposed in the areas concerned. 

Rust in wheat was first observed in Pusa on 23rd De- 
cember, wffien a few plants were found infected with Pucci- 
nia triticina. By the middle of January there were plants 
with uredo sori scattered throughout the crop. The last 
week of J anuary was cloudy and 1-| inch of rain fell on the . 
30th and 31st. This led to a moderately severe outbreak of ' 
orange rust, which brought out the varying susceptibility I 
of the varieties on the farm to a marked degree, some being 
almost free from attack while the ground under others was ■ 
brown from the shed spores. Pucoinia graminis was first I 
observed early in March and did relatively little damage, i 
PuGcinia glumanm was not seen at all, a most unusual cir- ! 
cumstance at Pusa. The iiustralian Federation wheat 
proved highly resistant to both rusts, while Miindi of 
Julliindar, Makhai of Chiiiiot, Pusa 4 and Cawnpore 13 
were highly resistant to orange rust. 

Dr. Shaw’s work on sclerotial fungi was continued. 
The two diseases of sugarcane from the Central Provinces, 
referred to in a previous annual report, appear to be iden- 
tical with the diseases known as Het Zuur Rot and Piet 
Rood Rot in Java. The latter form, or one very closely 
resembling it, has also been collected upon jute {Cor chorus 
olitorim) at Rajshahi, Bengal. 

Field experiments with the “tokra ” {Orohanche) para- 
sitic upon tobacco were continued. A crop of tobacco from 
seed of Nicotiana rustica, obtained from Peshawar, was 
grown in an infected field. In Peshawar District tobacco 
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is not infected with Orohanche, and it was thought that 
possibly seed from this locality might give an immune crop. 
Such, however, wa,s not the case as the crop grown from 
Peshawar seed was just as badly diseased from Orobmiche 
as the crop from local seed in the same field. 

A comparative study of the species of EelmmtJujspiynwm^ 
found on cultivated cereals and sugarcane at Pusa has been 
commenced. Practically every cereal grown here is attack- 
ed by one or more of these fungi, but it is already probable 
that some of them are common to several hosts and that the 
total number of species is not large. The work includes 
morphological study based on cultures as well as inocula- 
tion work to determine the range of host plants of eaeli 
species. 

Some work on a Scleros'pora found on AndrcriKHpyti 
aainulatus in 1918 was carried out, with a view to getting 
a clue to the method by which the allied cereal downy 
mildews are transmitted. This is entirely unknown. No 
results have, however, as yet been obtaiiuMl. 

Comparative studies of some species oi' Phytophthora 
have given results of interest. The American spe(fies J'h. 
terrestria Sherbakoff has been found to Jigree with the 
earlier described Indian Ph. ixirasitica by Mr. Dastur. 
Recently both this and another species have liccn dis(H)V(M‘e<l 
attacking coconuts in Jamaica, and the latter lias iunm 
found to be one of the causes of bud rot in tJie Wo.st Indies. 
Cultures sent to the writer have proved tal)t' idcnth^al with 
his Ph. palmivom first described under the na.mo P ?///// v/m 
palnivormii in Memoirs, Dept, of Agric. India, Bot. Scr., 
VoL I, No. 5, p. 82, 1907. It is evident that one form at 
least of this most destructive West Indian disease is causiMi 
by the same organism which has been so fully studied in 
Indiaf and an old controversy is thus settled iu a manner 
satisfactory to us. Some work has also been done on tlie 
species of this genus found on rubber, and has st/rengtiK'ued 
the view held in this laboratory tha.t the forms iiitlierio 
found on this host in India and Burma are all belonging to 
the one species. 
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V. Miscellaneous. 

During the mycological meeting in February, the great- 
est interest was aroused by the demonstration of fungi 
parasitic on man and the higher animals by Captain 
Froilano de Mello, Director of Bacteriological Services, 
Goa. Captain de Mello worked in the laboratory for about 
a fortnight with material brought from Goa as well as some 
obtained locally, and was able to give a detailed demon- 
stration of the technique required for the isolation and 
cultivation of these fungi. 

Mr. S. N. Bal, Assistant Professor of Botany, Science 
College, Calcutta University, spent about a fortnight in the 
l/iboratory in March and April, as he’ proposes to take up 
mycological work in Calcutta. Mr. J. C. Nag, Senior Pro- 
fessor of Botany, Presidency College, Calcutta, also visited 
us with the same object in view, in June. Economic myco- 
logists in India will welcome the increasing tendency to- 
wards the sthdy of the subject in other than its economic 
bearings in Indian Universities, as there is a great field as 
yet but little explored in this direction. Large collections 
of named fungi were given to Mr. Bal, Mr. Nag, the Central 
Hindu College (Benares), St. Xavier’s College (Bombay), 
Baroda College and the Government College, Lahore. Some 
Indian LoranthacecB were also sent to Professor Weir in 
the United States, cultures of Phytofhthora to various 
enquirers and some fungi parasitic on scale insects to the 
Government Mycologist, Ceylon. 

During the year a development of great importance for 
the co-ordination of ’mycological work in the Empire took 
place. Proposals by the Imperial War Conference for the 
formation of an Imperial Bureau of Mycology to be situated 
in London were accepted, and the Government of India have 
agi’cml in subscribe £250 annually for three years in the 
first insta.iK'C towards its cost. The lines on which such 
a Pmriaui (.-ould be of most use to mycologists in India were 
tlisciissml at the meeting of Indian mycologists in February, 
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and a detailed note on the subject was siilniiitted by the 
meeting to the propel" authorities. 

The writer has commenced the preparation of a syste- 
matic list of the fungi of India, as the references are at 
present so' scattered that it is almost impossible to get a 
general view of the composition of the fungus flora of the 
country. 

VI. Programme of work for 1919-20. 

(1) Research work. New diseases of Indian crops that 
come to the notice of the Section will be investigated as 
opportunity permits, but the following diseases will receive 
special attention and will constitute main lines of investi- 
gation : — 

{a) Ufra of paddy. 

{h) Black band of jute. 

{c) Chilli diseases. 

. \d) Pusarium wilts, especially in relation to soil and 
manurial conditions. 

(e) Sclerotial diseases of jute, sugarcane, pad(}y and 
Rangoon bean. 

(/) Orchard diseases. 

Minor investigations will include the study of sniiu. 
fruit anthracnoses, Orohanche on tobacco, root rot {)f cotton, 
sugarcane smut, sal root rot and Pythium disease (d* pn payn , 
ginger and tobacco. 

(2) Systematic work. It is hoped to rcsiinu^ this wit), 
the facilities provided by the proposed Imperial Ihireau 
of Mycology in London. Steps will be taken to supply the 
Bureau with representative collections from India, d’he 
preparation of a list of Indian fungi will be continued 

(3) Training. This will be continued ou tlio lines indi- 
cated in the prospectus, ' 

(4:) Rov tine work. Advice and assistance will In* given 
to Provincial Departments of Agriculture ami otlnm <i(> 
partments and to the general public. 
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VII. Publications. 

Butler, E. J. . , Tlie Bice worm (Tylenchus angustus) and its 

control-. Mem. Degt. of Agric. Indicia 
Bot. Ser., Vol. X, Xo. 1. 

Beport on Mycology, 1917-18, for the Board 
of Scientific Advice. 


Shaw, E. J. E. . 



-86 SCIENTIFIC REPORTS OF TEE AGRICtFETURAL RESEARCH 

EEPOET OF THE IMPEEIAL ENTOMOLOGIST: 

(T. BainbrigCtE Fletcher, R.N., F.L.S., F.E.S., F.Z.S,) 

I. Administration. 

The Imperial Entomologist held charge of the Section 
throughout the year ended 30th June, 1919, except for a 
period of one month from 9th September, 1918, when he 
was on privilege leave. The post of Supernumerary Ento- 
mologist, which had remained vacant for four years, was 
filled by Mr. M, Afzal Flusain, M.Sc., who joined the De- 
partment on 6th January, 1919. Mr. Y, Enmachandra, 
Eao, M.A., Entomological Assistant in Madras, was on 
deputation during the year to work under the Imperial 
Entomologist on an investigation of the insects which rxcair 
on Lantana in India and Burma; his period of deputation 
was completed on 31st March, 1919, after wdiich he ret urned 
to Madras, and has since submitted a report on Jiis ijjves-- 
ligations, which has been sent in for piiblicatioTL 

II. Training. 

One student, Mr. G. D. Austin, deputed by the Geylcm 
Department of Agriculture, was received on Isfc Juik^ for 
a course in Economic Entomology. 

Mr. FI. S. Pruthi, B.Sc., a student of the (JovcMmiiient 
College at Lahore, was also received towards tla^ end of 
the year and is working on the anatomy of Di/sdctvii^ 
chigulatus. 

Four students completed a short course of iiistruction 
in sericulture and two in lac-culture. 

III. Insect Pests. 

A summarized account of our knowledge of Indian 
Crop-pests wms given in a lengthy paper l)y the ])]‘{scaft 
wu’iter read at the Third Entomological Mooting hehl at. 
Pusa in February, 1919, and this information was snpphe 
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Tiieiited by other papers, read at the same Meeting, on pests 
of cotton, fruit-trees, borers in sugarcane and cereals, etc. 
To these papers the following observations may be regarded 
as supplementary.' 

Cotton. The question of determining the relative im- 
munity of the varieties of cotton was continued throughout 
the year, and it was found that certain varieties appear 
to enjoy a partial though not a complete immunity from 
boll worm attack. Work on these lines has been consider- 
ably hampered by the infestation of the cotton plants with 
Pseudococcus corymbatus and Phenaeoccus hirsutus and 
later with Eriophyes sp. (f)robably E. gossypii). The- 
iiimsiial appearance of Ps. corymbatus wsis traced to a plot 
of soy bean closely adjacent to the cotton plots. The life- 
lii story of this Coccid has been worked out, together with 
tbosci of its parasites and predators. 

fblsciis ahel7noschus ha.s continued to be a good trap- 
crop for bollworms, a larger number of parasitized boll- 
worms being found in the shoots and pods of this plant 
tban ill either cotton or IL esculentus. As in the previous 
year the mimlier of Pink Bollworms {Platyedm gossyf idla) 
was found t.o exceed that of the Bollworms (E arias sp.) 
from Oi'.tober onwards. 

Obsoi'vat ions were made on a Bethylid ( ? Parasicfola 
sp.) found in affected cotton-bolls containing larvm of 
P. (focsyplella. Another Bethylid has also been obtained 
from infected material received from Cawiipore. 

[n tlnwsearch for alternative foodplants of P. gossypiella 
a hrgo number of pods of Thespesia populnea was exa- 
mined witliout result, but these pods were found to contain 
Iliycitid lamm boring in them. 

A short note on cotton bollworms was read at the Third 
Ifntomological Meeting. 

A Graciilariad {Acrocercops sp.) larva was observed 
to miMc under the bark of cotton at Pusa (Plate YII). 
J;t is a.n extensive borer and causes a layer of bark to peel 
oh the, cyii.ti.ro stem and even from the leaf stalks. This 
insect has not been noted on cotton previously. 



SS SCIENTIFIC KEPOBTS OF THE AGBICULTURAL liEBEAllCH 

Elce. Work on the borer pests ^of rice has been 
continued. By continued observation of the crop Uirnn-'h- 
out the ;year and by actual counts it has been ascertairied 
that the percentage of damage (about 29 ptu’ wvnt.. on (he 
aierage) given in last year’s Report was exaggera.t.ed, due 
to the fact that this figure was arrived at by examination 
of the stubble only. Actually the damage clones in I he 
vicinity of Piisa does not seem to exceed about 4, [um* i-cnt., 
but this cannot be taken as a normal figure for itie. moi’C 
important rice-growing districts of India. Tlie ])i‘esence 
of unusually large numbers of the three principa] Ijorers 
in the stubble (viz., Schwnohius hifimcMfer, Soswmia. in.- 
ferens and Child) is due to the large pre-winiei’ l)rnf)dH 
which, however, are not capable of doing much dama.gc* to 
the ripening crop. 

A new external agent of diuiiage has beem diseovc'red 
in the form of a Chrysomelid (Halticine) grid) which liorcs 
into the stems of rice and millet seedlings from ontside ainl 
causes a regular dead-heart. This insi'cL 1ms occurred in 
some numbers and ranks as a pest. , 

Sugarcane. Work on the borer pests of sugarcane 
and other gramineous plants wa.s contiiiiicMl (I) t.o ascerlaiik 
the effect of treatment of attacked camos by lh.e (ad.ting- mit 
of “ dead-heartsd’ (2) t(> sisccrtain the spee.icH of StoiUM-;.; in 
cultivated as wnll as in wild grasses, (:i) to discriieiuTie 
the various species iiitherto confused undei' the. imnie *)•;' 
Chito sm])lo.v (" motli-borer ”), (4) to iirnl out the ali.enm- 
tive foodplaiits of those various borers, (5) to irnvr 
their soasona,! life-histories and habits, ami (h) to si,.;.dc 
other insects which a,rc not actual borci-s but whici! nlh-.M, 
liie crop, especially the young sugarcianc eiup, in .sin-h 
rvay as to produce effects similar to those caustai Iw (lie 
actual borers; as these other insects occur along with tht* 
])orers, their study is necessary in order to all(>cat.e ilw 
damage done to the actual agents. 

■As noted above, the preliminary results attained have 
been^ incorporated in a paper, by the present wilier and 
L. 0. Ghosh, read at the Third Entomological Mc‘cting, 
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nnd it is therefore only necessary to give here a brief 
siininiary together with additional facts elicited since the 
preparation of the paper referred to. 

Oiir experience, under conditions at Pnsa, is that the 
treatment of borers by means of cutting out of dead- 
liearts” is of no avail in sugarcane, especially in, the case 
of the young crop, which is best left to grow undisturbed. 
Treatment by removal of “dead-hearts” seems distinctly 
injurious to the young crop by interfering with proper 
tillering. The borers which occur at Pusa (with the excep- 
tion of Soirpophaga wanthogastrella which bores in the 
top-shoots) do comparatively little damage to the grown 
canes. 

Eeckoning all the dipterous maggots as one, since it 
has not yet been found possible to discriminate the different 
species of dipterous borers, over thirty di.fferent insects 
have so far been discovered to bore in sugarcane, rice, 
maize, juar (A . Soi'ghim), the smaller millets, and the vari- 
ous wild species oi Sac charum. Of these, eleven occur in 
sugarcane, seven in rice, six in maize and juar^ and four 
in the smaller millets. The borers in the wild species of 
Sacchanm, must be looked upon as potential enemies of 
the culti vated grasses also. 

Up to the present, twelve different species have been 
discriminated amongst those previously lumped together 
os Cktlo bnmpleo) (“ moth-borer ”). A key to the larval and 
pupal stages of some of these was given in last yeax’s 
Report a, lid a more complete key has been given in the paper 
retmM'ed to above. It need only be noted here, therefore, 
rJiat the form referred to in last year’s Report as'? CJiilo 
sp. in rice (C. S. 1768) has since been found to be identical 
with the '? Diatrma sp. in sugarcane at Dacca (C. S. 1674; 
t. 7, ff. 1, 2), and that Diatrma sp. (C. S. 1610), found in 
sugarcane at Dacca and Pabna, has since been named 
.4 rgyria tumidicostalis by Sir George Hampson,. 

The alternative foodplants of the various species have 
been, given in the paper referred to. A new alternative 
foodplant, viz., Sacchdrum fuscim, oi Scirpopliag a ocantlw- 
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gastrella has since been discovered; this is in n,dditioTi to* 
sugarcane, Baccharwn sfontaneum and S. arimdimice-wm^ 

The search for alternative foodplaiits has })eon cooti- 
irued as it has been observed in the case of several borers 
that the presence or absence of alternative tooil|da.otH 
influences to a great extent the prevalence of these bor(u.'s 
in cultivated grasses. It seems possible that, l)y tlie use of 
these alternative wild foodplants, the prevalence of at least 
some of the borers may be reduced considerably in culti- 
vated crops, but considerable further investigation along, 
these lines is necessary. 

The complete seasonal life-histories of twenty species 
of these borers has been traced out and incorporated in 
, the paper referred to. 

With regard to the external agents of (himage, some 
further work has been done to attempt to fiiul out what 
leads to the prevalence of termites in certain soils. Analyses 
of infested and non-inf ested soils have been made by tbe 
kindness of the Imperial Agricultural Chemist but further 
comparisons are required before anything moi*c can he sa,i<l. 
on this subject. 

In April 1919, three species of Dynaatim^ beetles, vnis:., 
Alissonotmn impressicolle, A. ficeum and lieietonychm 
sublmis, caused serious damage to sugarcane oji the 
Kamrup Farm in Assam. Mr. C. C. Ghosh was sent to 
investigate the outbreak and ascertained that the beeties 
were breeding in large numbers amongst the rooi.s of the 
various kinds of wild grasses growing over miles and miles 
of the waste land in the midst of which the Farm is situa- 
ted, and apparently they occur there every year wdlhout 
doing noticeable damage to the cane crop. This year, on 
account of drought, the emergence of the beetles was de- 
ferred until rain fell in March, when an unusually large 
number of beetles occurred and attacked the crop, especially 
those portions of it where the germination had been, retarded 
by the drought. Heteronychus sr^cchari has been recorded 
as damaging sugarcane but this is the first record in our 
experience of such extensive damage by adult beetles. 
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Observations have been made on the parasitization of 
Aleurolohus harodensis, an Aleyrodid destructive to sugar- 
cane. It 'vvcTs found that the percentage of parasitization 
was highest at the end of November, 1918, when it varied 
between SO and 95 per cent. For a few days the maximum 
was as high as 98 per cent, and thereafter the numbers of 
host and parasite rapidly declined. 

A note on “ Some Indian Economic Aleyrodidse.” com- 
prising the species destructive to sugarcane, was prepared 
and read by Mr. C., S Misra at the Third Entomological 
Meeting. 

Indigo. Investigations regarding the parasitization 
of the Indigo Psylla {A rytaina isitis) were continued 
throughout the year. Three species of Chalcididm were 
concerned and of these one was very prominent. The para- 
sitization was found to be highest at the end of May and 
September; after the latter date it declined gradually until 
the minimum was reached in February. 

Mulberry. The disease known as ‘‘ Tukra ” or 
“ Kokra ” referred to in last year’s Report, has been defi- 
nitely ascertained to be caused by a mealy-bug, Phenacoccus 
MrsuUis, Green, which is found on the plants together 
with Pseudococcus virgatus, Ckll. The nymphs as well as 
the adult females congregate on the shoots of the steins and 
cause the malformation which is so often seen in infested 
mulberry plantations. Not only is the growth of the plants 
retarded, but the lower lateral leaves become wilted and 
drop of. The affected apical leaves, if served to mulberry 
silkworms, cause '' flaoherie.” Ten generations of Phena- 
coccus hirsutus were reared during the year and its para- 
sites and predators were also studied, together with its 
means of dispersal as well as the best method of treatment 
of affected plots. Besides mulberry, this scale insect has 
also been found to occur on cotton, guava fruits, grape 
vines and fruits, and Tecoma grandi flora. Three species 
of Chalcidid^, as well as Spalgis epius, Eublemina 
quadrilmeata and a Cecidomyiad fly, check this scale to a 
great extent. The presence of this mealy-bug is easily 



92 SCIENTIFIC liBPORTS OF THE AGRICULTURAL RESEARCH 

known by tbe presence of ants {Monomorium indicum) 
which attend the scale-insects for the sake of their honey- 

dew. 

A short account of the Tukra ” disease was prepared 
and read by Air. C. S. Misra at the Third Entomological 
Meeting. 

Fruit Pests. Special attention was paid during the 
year to the collection of information regarding fruit-pests. 
An Index to Indian Fruit Pests, summarizing the informa- 
tion to date under each plant attacked, was prepared and 
read by Mr. C. S. Misra at the Third Entomological 
Meeting, and the information under the various insects 
was also included in the Annotated List of Indian Crop- 
pests prepared by the present writer for the same Meeting. 
The information under this head has, therefore, been 
WTitten up already, but the following short notes on new 
pests may be of interest. 

Alcides niali, Mshll. MS. (Curculionidre), was found 

at Shillong, the larva boring shoots of apple and causing 
a gall-like swelling. The adult weevil makes several, 
iiSLially four, holes with its snout in a row in a tender shoot 
of apple and in one of these holes, and only in one, it 
deposits an egg.. The larva) tunnel in the stem, which 
becomes swollen in consequence. Pupation takes place in 
the larval tunnel. Control is practised by collecting the 
adult beetles as they rest on the twigs and by cutting oh 
the twhgs which show the punctures or the s-welling caused 
by the enclosed larva. 

A dees cribmtus, Gyl. (Curculionidse), was found at 
Shillong in June- July 1918, the larva boring into the main 
idem of fig {Ficus carica) and doing considerable damage. 
The adult beetles occur on the stems by day and may be 
collected by hand although they readily drop to the ground 
when disturbed. 

Deiradognathus (n. g., CurcuiionidaB, Mshll. MS.) 
n. sp., ivas found at Shillong in June-July 1918, the adults 
occurring on mulberry, apple, pear and fruit trees 



INSTITUTE, PIJSA, FOB 1918-19 93 

•generally, nibbling boles in the leaves and doing con- 
siderable damage, being present in very large numbers. 

Dyscems malignus, Mshll. MS. (Curculionidee), was 
found at Shillong in June 1918. It is brownish-black with 
a conspicuous grey patch on the posterior portions of the 
elytra. The adult weevils feed on apple fruits, eating small 
punctures into them, and oviposit in small (excavations 
along the edge of such patches. The eggs are large for 
the size of the insect, about 1-25 mm. in diameter, and are 
pearl-white in colour. The grub bores about in the interior 
-of the fruit and damages it considerably. Pupation takes 
place inside the attacked fruits, which in the initial stages 
of attack are externally scarcely distinguishable from 
healthy fruits, but the invariable presence of a number of 
small whitish dots on the surface of the infested fruits 
marks these as attacked. These small dots are really holes 
through which the tunnels of the grubs communicate with 
the open air, and as a rule these tunnels originate at the 
apical end of the fruit, somewhere near the flower-scar, 
whence they ramify throughout the interior, branches being 
■given off at intervals towards the surface where their ter- 
mination is marked by the small dots mentioned above. In 
the later stages of attack, these holes become much larger 
and often exude a frothy licpiid which attracts Sarcophagid 
.flies. 

This weevil wais also found breeding in the fruits of 
Primus nefcilensis, a wild indigenous plum whose fruits 
are edible when ripe. 

Dyscems fieicheri, Mshll. MS., was also found at 
Shillong, the larva boring in apple fruits. The adult 
weevil is a reddish-brown species with scattered patches 
of greyish scales. It is rather larger than D. malignus 
but attacks apple fruits in exactly the same way, but pujaa- 
tion seems to take place sometimes outside of the fruit. 
The egg is about 1 mm. in diameter and rather dull-brown 
in colour. The larva seems quite similar to that of D. 
malignus. The adults appear to be long-lived, as an 
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indivicliial caiiglit in Shillong about 15th June and brought 
to Piisa, lived in the Insectary until 15th October. 

Linda nigroscutcm, Fairm. (Lamiad^), was found at 
Shillong wh^’c the adults occur fairly commonly on apple 
trees in June and July, and were generally found resting 
on the shoots or leaves and occasionally feeding on the 
latter. In captivity the beetles fed on the leaves and alscr 
on the bark of apple twigs, but did not oviposit. Under 
natural conditions, however, the beetle girdles the twig more 
or less (usually rather less) completely, makes a slit at right 
angles to the girdling and above it, slightly detaches the- 
bark on one side of this slit , and thrusts in an egg under* 
this loosened bark. The larva on hatching bores upwards 
into the twig and thrusts its longish pellets of frass out^ 
through holes cut in the twig, which of course dies oh and 
shrivels up. This is a serious pest, doing considerable 
damage. The only control method possible is hand-collec- 
tion of the beetles and cutting out of attacked twigs. No* 
alternative foodplant is known as yet. 

Chelidonmm cinctitm, Guer. (Cerambycidse), was sent 
in from Bangalore by Mr. E. U. Anstead who found the 
larva boring into orange branches. The eggs are deposited, 
in June in the axils of young living twigs and never on 
dead wood or old branches. The young larva bores into' 
the twig and works upwards for a distance of about half- 
an-inch to an inch-and-a-half and then makes two tiny holevS 
about the size of a pin’s head ; it then turns back and bores 
down the twig, occasionally making small openings; finally 
it gets into the main branches where it makes tunnels a 
quarter of an inch in diameter. The young twigs that 
are bored at once die and turn black, so that they are 
conspicuous and can be cut off with the larva inside them. 
By doing this and by hand-collection of the adults the 
attack can be controlled to a large extent. 

OmjamMlya) sericeifennis, Butl. (Sphiiigidse), occur- 
red in some numbers at Shillong in July 1918 on walnut, 
each larva defoliating considerably, so that the damage may 
be fairly large in the case of young trees. 
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Theretm giioma, Fb. (Sphingicl«), occurred on grape- 
vine at Pusa (Plate VIII). This is a regular feeder 
on grape-vine and is a minor pest at times. It has also 
been reared at Pusa and Poona on leaves of “ elephant’s 
foot.” 

An undetermined Sphingid was found at Shillong as a 
serious pest of apple, and to a less extent of pear, about the 
end of June. It does considerable damage, as the larvai 
are not easy to see in spite of their large size, and one larva 
will strip a whole branch of leaves. Pupation probably 
takes place under dead leaves in natural conditions. There 
is only one brood annually, the pupa hibernating. We 
have also had this insect sent in as infesting apple in Kulu. 
The moth has not yet been bred, but is probably Langia 
zenzeroides. 

Actias selene, Hb. (Saturniada^), occurs as a pest of 
apple in the Khasi Hills and Kumaoii. It feeds on various 
other plants and has been found on pear and walnut,, as 
well as on Betulcv alnoides, Odina wodim\ etc. 

Anther wa rotjlei (Saturniadae) was also found attack- 
ing apple and pear at Shillong. 

Heterographis bengalella. Bag. (Pyralidee), occurs at 
Pusa every year as a minor pest of custard-apple, the larvae 
tuimelling in the fruits. It appears to be common through- 
out Bengal. 

Meridarchis reprodata, Meyr. (Carposinidae) was sent 
ill from Kashmir as boring and damaging cultivated olives. 
The .larva feeds in the Plains in the fruits of Etigenia 
jamholana. 

An unidentified Eucosmid larva was found boring apple 
fiuits at Eamgarh (Kumaon) in much the same way as the 
notorious Codling Moth {Laspeyresia pomonella), from 
which, however, the Indian species seems to be distinct. 
The moth has not yet been reared out. This is likely to 
prove an important pest if it attains access to other apple- 
growing districts. 

Aerocercops hierocosma, !^.^^!. I (Gracillariadje), oc- 
■curred in numbers in litchi fruits at Pusa in May 1919. 
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A. Jderocosma 1ms been reared at Pusa in September and 
October iroin laiTa; mining leaves of N. lit chi. Only one 
moth could be reared from the larvae in the fruits and this 
is slightly different from the leaf-mining form, althoiigli 
it is probably the same species. This fruit-infesting larva 
is referred to m Indian Museum Notes, Vol. V, pp. 121-122, 
t. 15, If. -1, 4«, where it is unnamed. 

Iiife”Mstones of Insects. Besides the various insects 
mentioned above, a large number of insects has been reared 
during the year and observations made on life-histories and 
habits. In a Report of this nature it is only possible tO' 
mention a few of these even by name. 

{!) Monohammus mrsteegi. Eggs of this longicorii 
beetle borer in orange stems were collected in June 1918 at 
Haflong in North Cachar. The adult has been reared out 
and found to have one generation annually. 

(2) Grubs of a longicorn beetle borer in Jak stems 
(Plate IX, fig. 1.) were collected in Sylhet in June 1918. 
These are still (July 1919) feeding and will probably live 
another year, so that the larval stage extends over a period, 
of two or three years in this case. 

(3) C ry'ptorrhynchus gravis. This serious pest of 
mango ■ fruits in Eastern Bengal and Assam was formerly 
supposed to lay its eggs in the flowers. This year it was 
definitely ascertained, that the eggs are laid, not in the' 
flowers, but in the fruits, even well-grown ripening fruits 
not being immune. The period of oviposition is an extend- 
ed one. The shortest period for completion of the life-cycle 
is about three weeks or even les§. Local observations and. 
experiments extending over a whole year are necessary 
for tlie suggestion of preventive or remedial measures. 

(4) Balaninu-s c-alhum. Short details of the life-his- 
tory of this weevil mUnXimg Eugenia jamholana 

were given in last year’s Report. A quantity of infested 
seed was kept buried at a depth of about two feet; no weevil 
succeeded in emerging from these seeds. Collection and 
adequate burial of the seeds should therefore keep this- 
weevil, in check. , 





EXPLAI^ATION OP PLATE IX. 

Fig. 1. Longicorn beetle borer in jak stems 

ft'. Section of jak stem, showing larYal tunnel. 
b, Full-gro’wn larva, natural size. 

0 , Beetle, natural size. 

Pig. 2. Gecicloniyiad on mango leaf. 

a, 3-Iango leaf, showing galls. 

bt Adult fly, natural size and magnifiied. 
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(5) Virachola isocrates was found in small numbers 
ill May 1919 infesting peach fruits at Pusa. This butterfly 
does not seem to have been recorded previously as attacking 
peach. 

(6) Earias fahia and E. insulana have been found in 
fair numbers in the flower-buds of Hibiscus rosa-sinensis . 

(7) Heliothis 'pelticjem occurred in fair numbers in the 
larval state on leaves of Carthamus tinctorius. It is prob- 
able that this insect will prove to be a specific pest of 
safflower, but it has hitherto been overlooked and confused 
with H. obsoleta. 

(8) Platyedra gossyfiella. A sample of Cambodia 
cotton brought from Coimbatore showed that about 28 per 
cent, of the seeds had been bored by the caterpillars of 
this insect. 

Grain Storage Experiments. These experiments were 
concluded and the results written up in a paper read at 
the Third Entomological Meeting and in which full instruc- 
tions have been given regarding the methods to be adopted 
for storing cereals, pulses, etc., in order to keep them free 
from insects in the store-house. 

Protection of wood against Termites. The results 
so far obtained have been embodied in a |)aper read at the 
Third Entomological Meeting. The wwk is being con- 
tinued. 

Lantana work. This ’work was taken up in November 
1916 on instructions from Government, and has had for 
its object the collection of information regarding the occur- 
rence within the Indian Empire of any insects which may 
be utilized as efficient checks on the growth of Lantana. 
With this object Mr. Y. Pamachandra Pao, M.A., Entomo- 
logical Assistant in Madras, was placed on special deputa- 
tion under the Imperial Entomologist, and during the year 
under report worked in Assam, the Punjab, the United 
Provinces, Bihar, the Central Provinces and Madras. His 
period of deputation expired on 31st March, 1919, wdien 
he returned to Madras. A complete feport on his work 
has been submitted for publication as a Memoir. 
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IV. Bees, Lac and Silk. 

Bees. The work with the local yariety of the Indian 
Bee (Afis indica) has been continued. _ There lia,ve been 
■mimeroiis inquiries on this subject during the yeai yoin 
residents in all parts of India. Improved hives have been 
prepared locally and supplied to various oorrespondents 
Two show-cases, illustrative of bee-keeping, were prepared 
and supplied to the Agricultural Association, Muzaffarpur. 

A Bengali Bulletin on Bee-keeping was published during 
the year and the first edition has already been nearly sold 

A paper on “Bee-keeping in India” was read by Mr. 
C. C. Ghosh at the Third Entomological Meeting. 

Lac. The emergence of lac larvce took place at Pusa 
on 14th October, 1918, and 20th June, 1919. A small 
quantity of ber {Zizyphus jufuba) brood^-lac wms obtained 
from Malda, Bengali to place on the trees. The October 
crop was fairly good but the June crop was poor, having 
been adversely affected by the unusually hot Aveather during 
May. ' 

Tavo students were trained in lac-eulture, and brood-lac 
was supplied to various applicants. 

A note on lac-culture Avas prepared and read by Mr. 
C. S. Misra at the Third Entomological Meeting, and in 
April Mr. Misra attended the Meeting of the Board of 
Eorestry Avhere the question of developing the Lac Industry 
in India was discussed. 

Silk. The Sericultural establishment is still on a tem- 
porary footing which has been extended up to 31st March, 
1920. In the meantime Avork is being continued with the 
tAventy multivoltine mongrel races of mulberry silkworms 
AA’'hieh have been established by crossing univoltine and 
iniiltAoltiTie races. In these mongrel crosses it has been 
noticed that the yield of silk from the first generation of 
crosses is always better than that in later geneiTitions, 
which seem to deteriorate gradually. Attempts are being 
made to prevent tliis deterioration by the infusion of neAv 
blood in the mongrel races. We appear to have succeeded 
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in establishing a race which, on crossing with nnivoltine 
races, changes the resultant mongrel races into miiltivol- 
tines in five or six generations, so that any nnivoltine races 
ean be made multi voltine in a comparatively short time. 
Eggs of univoltine Chinese, Japanese, French and Ben- 
gali races and of a Japanese bivoltine race were sent for 
cold storage to Guindy, Shillong and Mnktesar, and were 
successfully reared at Pusa in October and March. 

Mulberry silkworm eggs have been supplied to Indore, 
Gwalior, Mysore, Banganapalle, Travancore, Mahlog 
(Simla), North-West Frontier Province, Northern Shan 
States, Nagano Sericultural College (Japan), to the differ- 
ent Salvation Army silk centres and to about 110 other 
.applicants in all parts of India. Eri ^silkworm eggs have 
been supplied to Egypt, British East Africa and Japan 
and to about 75 applicants in India. Castor seeds and 
mulberry seeds and cuttings were also distributed to about 
19 applicants. One Pusa reeling machine was supplied to 
the Agricultural Department, New South Wales, and an- 
other to Indore State. Silk exhibits were sent to various 
agricultural exhibitions and commercial museums. One 
rearer and one reeler were sent to the Saunders Weaving 
School at Amarapura (Burma), and one rearer and one 
mulberry gardener were sent to the Northern Shan States 
to start sericulture there. Many inquiries regarding rear- 
ing, reeling, dyeing, bleaching, spinning and twisting 
have been dealt with, and silk samples and bulletins on 
sericulture have been distributed to numerous correspon- 
dents. Silk pieces and castor seeds to the value of 
Rs. 2,071-3-4 were sold and the proceeds credited to Gov- 
ernment, silk pieces to the value of Rs. 2,023-9-0 having 
been wwen during the year. 

Four students, two from Bihar and two from Bengal, 
•completed short courses in sericulture during the year. 

V. Illustrations. 

Coloured plates illustrating the life-histories of the 
following insects were prepared during the year, viz., 
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Lapkygma exigua, OsoyamMyw sericeifenms, Langia zen~ 
zeroi^s, Ale ides mall Brahmcea wallicMi and a sawfly 
attacking rose. Besides these, over four hundred illustra- 
tions ill black and white were prepared in the course of tlie 
year and many of these have been sent in for publication 
in illustration of various papers read at the Third 
Entomological Meeting. 

Considerable difficulty has been experienced in connec- 
tion with the preparation of coloured lantern-slides of 
insect-pests, for wdiich there is a considerable demand on 
the part of the Provincial Agricultural Departments. To- 
wards the close of the year some sample slides, prepared. 
by a new process, were obtained and, if these prove satis- 
factory, it is hoped that demands may be met. 

VI. Miscellaneous. 

Correspondence. A total of 74 parcels of specimens, 
mostly of crop-pests, wms received during the year foir 
identiication and advice, whilst 805 letters were received 
and 1,083 issued; these numbers show a slight decrease on 
previous years but are exclusive of a. large amount of 
routine correspondence which takes up a considerable pro- 
portion of time which should be devoted to more scientific 
work;. 

VII. Insect Survey. 

Steady progress has been made in additions to, and 
arrangement and identification of, the collection which iS’ 
now a large and important one and continues to expand 
at a. rapid rate. In view of the great value of this collec- 
tion, both from an economic and systematic point of view, 
to future students of Indian Entomology, every effort is 
made for the proper preservation of the large mass of 
specimens, a task which is by no means easy in a climate 
such as that of Pusa. The more irreplaceable portions 
of the collection and those liable to most damage are there- 
fore- being placed in cabinets which are being obtained as 
rapidly as possible. The staff required for the upkeep- 
(which includes the sorting and identification, as well as: 
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the mere preservation, of the many thousands of specimens 
already accumulated and received every year) has not been 
increased since a time, many years ago, when the collection 
was comparatively quite small; yet this work is constantly 
expanding and has already become very heavy, although 
this is only one branch of the activities of the Entomo- 
logical Section. 

The war interfered considerably with the transmission 
of specimens for identification and, later on the work en- 
tailed by the Entomological Meeting left little time for 
the sending out of specimens, but the following collections 
have been sent out to Specialists in the groups named and 
our thanks are due to them for the ready help afforded :■ — 
(i) Microlepidoptera to Mr. E. Meyrick, F.R.S, 
Named and returned. The descriptions of 
numerous novelties are published in Eaiotic 
Microle'pido'ptera. 

(ii) Diptera to Mr. E. Brunetti. Mostly named and 
returned. 

{Hi) Carabidm to Mr. H. E. Andrews. Eeturned 
named. 

(iv) Odonata to Major E. 0. Eraser. Returned named.. 

(v) Stephanidse to Mr. Elliott. 

{vi) Ichneumonidse to Mr. C. Morley. 

{vii) Tenthredinidse to Mr. Rohwer. 

{mii) Bees to Pi'ofessor T. D. A. Cockerell. 

- (?<r) Dipteron parasitic on cotton mealy-bugs to Dr. 
L. 0. Howard, Washington. Returned named 
as Gitonides perspicaso, 

{os) Tetrigin^ to Dr. J. L. Hancock, Chicago. 

{oci) Staphylinidse to Dr. M. Cameron. 

{odU) Curculionidae to Dr. G. A\. K. Marshall. Re- 
turned named. 

(asHi) Scolytidse to Mr. C. Beeson, 

The following collections, sent out in previous years,, 
have not yet been returned : — 

Histeridse to Mr. G, Lewis. 

{wv) Longicorn beetles to Dr. Gahan. 
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x\ntliribidse to Die K. Jordan. 

Unii) Rliyncliota to Mr. W. L. Distant. 

(jjciii) Tetriginse to Dr. J. L. Hancock. 

Uix) Cieindelid^ to Mr. S. W. Kemp. 

x4quatic Rhynchota to Mr. C. A. Paiva. 

(iMij Briichid^ to Dr. G. A. K. Marshall, 

{xxii) Hispin^ and Cassidinae to Professor S. Maulik. 

Various collections of Indian insects have been received 
and named and returned as far as possible. These included 
collections sent by the Forest Research Institute, the Pro- 
vincial Agricultural Departments and by numerous corres- 
pondents. 

VIII. Third Entomological Meeting. 

The Third Entomological Meeting was held at Pusa 
from 3rd to 15th February, 1919, and was well attended 
by delegates and visitors from India, Ceylon and Egypt. 
Over ninety subjects, mostly dealt with in written papers, 
were laid before the Meeting which may be said to have 
been highly successful. A short account was written for 
the April (1919) Number of the “ Agricultural Journal of 
India,” and a full Report of the Proceedings has been 
submitted for publication, so that it seems unnecessary to 
say more here except to affirm that such Meetings are of 
very real value and interest to all concerned in the study of 
Indian insects. 

IX. Programme of work for 1919-20. 

Major. 

This will follow generally on the lines of work of the 
current year and will include general investigations of crop- 
piests and especially of the pests of sugarcane, rice and 
cotton, of fruit-trees, and of stored grain. 

Minor. 

Results in various lines of work require to be written 
up and published as iar as possible. Work and experi- 
-inents in silk, lac and bee-keeping will be continued and 
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new insecticides and insecticidal methods tested as occasion, 
arises. Systematic work on Indian insects will be carried 
out with our own resources and the help of specialist cor- 
respondents, Advice and assistance will be given as far as 
possible to Provincial Departments and to all inquirers on 
entomological subjects. 

X, Publications. 

The following publications, either written by the Pusa 
staff or based on material sent from Pusa, have been 
actually issued during the year : — 

Dutt, Gr. B. , . De.scriptioiis of three male Mutillids from 

India. {Rec. Ind. Mus., XYI, 259-261.) 
Fletcher, T. Agilcultnrai Entomology. [Annual Re- 

Bainbrig'ge. port, Board' Sei. Advice for India,. 

X917-18.) 


Fletcher, T. 
Bainbrigge. 


The Third Entomological Meeting. [Agric.. 
Journ. of India, April 1919.) 


I'raser, F. 0. 


. The hitherto iindescribed female of the 


Cthosli, C. C. . 
Meyrick, E. 


dragonffy, Hemicordulia asiatioa. [Journ. 
Bombay Nat. Hist. Soc., JXYI, 488.) 

. Bengali Bulletin on Bee-keeping, 

. Exotic Microlepidoptera, Yol. II, Parts 6-7,. 
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HEPORT OF THE IMPERIAL PATHOLOGICAL 
ENTOMOLOGIST. 

(F. M. Howlett.) 

I was ill charge of the Section for the year, except for 
an absence on privilege leave from 9th to 23rd December, 
1918, when Mr. Patel was in charge. 

For practically the entire period, however, I was on 
special duty, in connection, firstly, with the prevention of 
surra-transmission by Tabanidse, more particularly among 
transport camels, and, secondly, ‘with the improvement of 
existing culicifuges for military use. Reports on the work 
done in these twm directions have been separately submitted. 

Little has been done outside these special enquiries, but 
Mr. Patel, besides continuing his work on midges and com- 
pleting the manuscript of a book on cattle-flies, has studied 
the parasites of some animals and birds likely to be asso- 
ciated with human beings, and has made several new dis- 
coveries, including a blood-sucking muscoid larva with 
habits comparable to those of the notorious Congo floor- 
maggot.'’ Messrs. Sen and Sharma have continued, when 
circumstances permitted, the physiological work on mos- 
quitos referred to in the programme for the year. 

In J anuary I attended the Science Congress in Bombay ; 
in March the Veterinary Conference at Lahore; in April 
and 3ilay meetings of the Drugs Committee at Simla and the 
Surra Research Committee at Delhi. 

The follovviiig papers were read at the sixth session of 
(he Indian Science Congress held at Bombay ; — 

Ik)st-war Zoology ” (Presidential Address to Zoolo- 
gical Section). F. M. Howdett. 

‘‘ Tactics against Insects ” (Evening lecture). F. M. 
Howlett. 

Life-history of a midge, Culicoides oxy stoma, with 
some remarks on the early stages of Cerato- 
fOQouC P. G. Patel. 
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“ The effect of mercurous chloride on the larvae of 
CuUcidoB.” S. K. Sen. 

“ A preliminary note on the action of acids, salts and 
alkalies on the development of Culicid eggs and 
larvae.’' H. N. Sharma. 

Programme of work for 1919 - 20 . 

It is anticipated that the special enquiry on culicifuges 
may be continued, but orders have not yet been received. 
"With this reservation, the main heads under which work 
will be carried on are as defined in last year’s programme. 
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BEPOET OF THE IMPEEIAL AGEICULTURAL 
BACTEEIOLOGIST. 

(C. M. Hutchinson, B.A.) 

L Administration. 

I was in charge of the Section during the year except 
for one mouth ’s privilege leave during September, 1918. 

Captain J. H. Walton, Supernumerary Agricultural 
Bacteriologist, returned from military duty in Mesopotamia 
and Palestine after an absence of about four years. 

II. Training. 

Mr. K. Adinarayan Eao, a student from Mysore State,, 
is under training in agricultural bacteriology, from 12th 
June, 1918. 

Mr. H. S. Govinda Eao, a student deputed by the Mysore 
Government, to undergo training in laboratory technique 
in connection with silkworm diseases, worked in this 
Section from I7th December, 1918, to 26th June, 1919. 

III. Soil Biology. 

Nitrification. Field and plot observations of seasonal 
variation in nitrification in soils under crop and fallow 
were maintained ; the results obtained confirmed the opinion 
that movement of soil water either upward or downward 
conduces to increased formation of nitrates; such move- 
ment may be caused by drainage, by surface evaporation, 
or by plant absorption (transpiration), this last factor 
accounting for the greater total nitrification found in 
cropped as compared with fallow plots. An important point 
affected by soil management seems to be the annual re-estab- 
lishment of nitrifying flora to take the place of that elimin- 
ated by adverse conditions, such as waterlogging, during 
the monsoon; the success of this operation depends upon 
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recognition of tlie fact that nitrifying bacteria can perform 
their specific function under conditions adverse to their 
multiplication; such conditions include not only the pre- 
sence of specific toxins but of excess of organic matter or 
of ammonia; the immediate oxygen requirements of the 
nitrifiers are generally satisfied in almost any soil but water- 
logging during the monsoon not only conduces to the 
development of toxin-producing bacteria but to the bringing 
into solution of excessive amounts of organic matter, all of 
which tend to depress the nitrifying flora as an indirect 
effect of anaerobic conditions. The addition of inert mate- 
rial of large superficial area such as broken brick or clinker 
appears to provide a suitable nidus for the development of 
nitrifying bacteria, not so much in the soil as on the surface 
of the broken material, thus setting up conditions similar 
to that in a sewage filter, where solutions containing con- 
centrations of organic matter too high to allow of develop- 
ment of nitrifying flora are nevertheless nitrified by the 
organisms previously established on the broken surfaces. 
It is of interest to note that in experiments dealing with 
the addition of broken brick and potsherds to soil it is 
necessary to make allowance for the frequently high con- 
tent of nitrate, generally as saltpetre, found in such 
materials in Bihar. 

A considerable amount of work was done by the First 
Assistant on the different rates of nitrification of various 
organic materials in soil. These included various green 
manures and other plants, and oilcakes, and it was found 
that the non-nitrogenous portion had an inhibiting action 
upon the nitrification of the nitrogenous fractions. A 
paper on this subject was read by the First Assistant at 
the Indian Science Congress, Bombay (January, 1919). 

F urther experiments on the inhibition of nitrification 
by toxins resulting from anaerobic incubation of soils were 
carried out; it was found that nitrification did not begin 
for ten wmeks in Omelianski solution made up wdtli water 
extract of anaerobically incubated soil, whereas nitrification 
was complete in eight weeks in a similar solution but 
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from an aerobically incubated soil. Similar results were 
obtained when using pure cultures of nitrite formers seeded 
into' these media. 

The effect of excessive quantities of nitrogenous matter 
in inhibiting nitrification was tested in various soils; in 
Pusa soil 60 mgm. N per 100 gm. soil was found to be the 
maximum amount allowing complete and normal nitrifica- 
tion, either as ammonium sulphate or oilcake; when 
applied as a mixture of these two, however, it is possible 
to raise the combined amount to 90 mgm. without pre- 
judicing the nitrification either by loss of ammonia or by 
delay. It is of interest to note that nitrification can take 
place even in a soil in which there is sufficient free 
ammonia to be detected by smell and litmus reaction. 

G-reen-manuring. The green-manuring experiments 
carried out in collaboration with the Imperial Agriculturist 
on the Punjab experimental plots were continued. These 
experiments begin to show the valuable residual effect of 
such treatment on Pnsa soils especially with fermented 
green manure {Orotalaria juncea). Incidentally most valu- 
able and interesting light has been thrown upon the inter- 
pretation of the results of field experiments on such soils 
and in such a climate; the results obtained show clearly 
first of all the necessity of previously ascertaining the rela- 
tive fertility of the plots before treatment and the absolute 
worthlessness of most manurial experiments without this 
precaution, and, secondly, the equal necessity of talking into 
account the effect of seasonal variation from one year to 
another. These points as illustrated by the green-manur- 
ing experiments referred to, are discussed in an article on 
this subject in the “Agricultural Journal of India now 
in hand. 

Biological analysis of soils. Further work was done 
on this subject and tlie question of the use of a standardized 
method was discussed at the Conference of Agricultural 
Chemists and Bacteriologists at Pusa in Pebruary. A 
special study was made of certain infertile soils (Manat) 
from the Konkan Division (Bombay). The First Assistant 
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visited this district and inspected the soils in the field and 
having carried out biological analyses in the laboratory a 
report vrith recommendations for treatment v^as written 
and submitted to the Director of Agriculture, Bombay. 

Mitrogen fixation. The question of the nitrogen 
supply in Indian soils and exhaustion by the introduction 
of intensive cultivation and heavy-yielding varieties of 
crops was dealt ivith in a paper by me read at the Indian 
Science Congress in Bombay. In this paper attention was 
drawn to the danger of encouraging methods of exhausting 
Indian soils without making any adequate provision for 
keeping up the supply of the ingredients removed by in- 
creased crop yields ; the loss of nitrogen especially must be 
guarded against when this takes place at a rate exceeding 
that of the natural fixation by legumes and non-symbiotic 
soil organisms. In this connection it was pointed out at 
the Conference of Chemists and Bacteriologists, at Pusa 
in February, 1919, that special attention should be paid to 
the study of the conditions under which nitrogen fixation 
takes place in Indian soils, with a view to determining the 
possibility or otherwise of artificially obtaining optimum 
conditions for such fixation as a practical field measure. 
The very great variations in the amount of nitrogen fixed 
in the same soil in different years show clearly the possi- 
bility of influencing fixation by soil management without 
the necessity of adding impossibly expensive -materials (such 
as sugar) to the soil. In the Punjab, nitrogen to the extent 
of 30 per cent, of that already present in a soil under single 
crop whea,t, was fixed in less than six months in one season, 
whereas during the following one the amount was negli- 
gible. The possible symbiotic relationship between green 
algse and nitrogen-fixing organisms in soils formed a 
subject for investigation at Pusa by the Supernumerary 
Bacteriologist before the war as a continuation of his study 
of azotobacter in India and has now been resumed on his 
return from military service. 

Further work on fixation of nitrogen by legumes was 
carried out and a memoir embodying the results was written 

, , , h2 
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Iw the First Assistant. It was found that in cases, where- 
nodule I’oriuMtion did not occur owing to the use of strains 
of the mdicicola organism foreign to the plant, the latter- 
nerertlieless benefited by the supply of nitrogen a-symbioti- 
caiiy fixed in the soil to which such organisms had been 
added artificially. Similar results were obtained with 
azotobacter inoculation and by the growth of legume- 
liacteria in artificial media separated from the soil contain- 
ing tlie growing plant by porous cylinders. An interesting 
and important point was noticed, namely, that in the case of 
fS. mdicicola no residual nitrogen was found in the culture 
sand suggesting that fixation of nitrogen proceeded fari 
passu with its removal by the growing plant, whereas witb 
azotobacter this was not the case. A modified medium' 
(soil extract— mannite, — asparagin agar) was found to- 
allow ready isolation of the organisms direct from soil. 


IV. Indigo. 

The itolation of considerable quantities of pure indican: 
in the laboratory of the Indigo Uesearcii Chemist permitted 
the use of synthetic media for the cultivation of the vaifious 
strains of in dican hydrolyzing bacteria already isolated in 
the Bacteriological Section during two previous seasons on 
agar made up with indigo leaf extract. It was found that 
very little growth or hydrolysis took place in media in 
which indican was the only source of nitrogen, whereas the 
addition of small quantities of leaf extract activated this 
at once. Study of the physiological aspects of this question 
is being carried on. 

Manufacture. Further experiments were carried out 
ill the experimental factory on the hot water extraction 
method. Aery good results were obtained by the use of 
lime precipitation following extraction and preceding ino- 
culation with hydrolyzing bacteria; the improvement not 
only included higher percentage extraction of the indican 
present in the plant, but greater purity in the product. 
Experiments were initiated in the use of hypochlorite steri- 
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lization of the water and plant as an aiternatiYe to hot 
water extraction; this would be a very much cheaper method 
of eliminating undesirable bacterial flora than the use of 
hot water, but it is not yet clear whether it will be possible 
to obtain the high percentage extraction of indican given 
by the latter process. 

A point of great practical interest arose during the fii'st 
•days of manufacture. It was found that owing to the 
■“ weathering ” of the cement-lining surfaces of the vats 
during the months intervening between one manufacturing 
.season and the next following one, lime was set free by dis- 
integration in sufficient quantity to produce an alkaline 
reaction in the steeping water of such a degree as to inter- 
fere seriously wdth the growth and activity of the hydroly- 
zing bacteria; in this way fermentation was delayed to 
such an extent that even after twelve hours this process 
then normally complete was only just beginning. It was 
found necessary to add considerable quantities of acid 
(250 c.c. of 50 per cent, sulphuric acid per 600 gallons) to 
neutralize this alkalinity. There can be no doubt that a 
, similar action takes place in all factories using cement- 
walled vats, and that the “warming up ” of the vats com- 
monly noticed at the beginning of each season is due partly 
to the removal of the disintegrated lime from the walls as 
well as to the gradual establishment of the necessary bac- 
terial flora. 

It is of interest to note here that numerous reports have 
been received from indigo factories of improved yields 
resulting from the use of cross walls or other methods of 
increaiSing the wall area of the vats, recommended (1917-18) 
as a result of the discovery of the importance of bacterial 
action in the fermentation of the indigo plant, 

V. Pebrine. 

Further study of the problem of elimination of this 
disease of the silkworm in India, included trial of the effect 
of hill-rearing upon the natural resistance of the larva to 



112 SCIEXTIFIC UEPORTS OF THE AGRIGULTUBAL RESEARCH 

in feet ion. Experiments were carried out at Shillong- 
duifiig AngusUind September; layings of eggs from Piisa 
were divided, half being reared at Pusa and half at 
Shillong; artificial infection -was carried out at both places 
and it was found that even in the first generation a consi- 
derable increase in resistance to infection -was obtained in 
the hill-reared larvm. Eggs from the latter were trans- 
ferred to Pusa both from infected and from disease- free 
moths, and further resistance to infection in the plains 
was noted in the latter, whilst in the former a smaller 
percentage of infected iarvse resulted from the hatching 
out of seed from the diseased moths ; the infected larvas 
also survived through a greater number of moults and a 
larger percentage of them attained maturity than is usual 
ill such cases. It was also noted that the hill-reared worms 
produced better cocoons. It is proposed to continue this 
line of experiment and to recommend the institution of a 
central seed station at Shillong to provide ameliorated 
seed for the Indian industry. The revised method of exa- 
mination of moths previously reported has been adopted 
by various grainages in India; the Sericnltural Superin-, 
tendent at Berhampore (Bengal) has reported favourably 
on his experience of its use during the last season. It is 
abundantly clear that owing to the use of multivoltine races 
in India and the generally insanitary conditions under 
which rearing is carried out it is essential for the rearer 
to beg.in his season with disease-free seed, in default of 
which the rapid cumulative effect of any small percentage 
of disease initially present, in the course of rearing the- 
numerous broods characteristic of the multivoltine races, 
will inevitably result in the failure of a fatally large- 
proportion of the worms. For this reason it is necessary 
to adopt in India a much higher standard of purity in 
the seed issued by grainages than is customary in Europe. . 
A lecture on this subject was given at the Entomological 
Conference held at Pusa in February, 1919. A memoir on 
the mechanism of infection and the elimination of pebrine- 
in India is now in the .press. 
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VI. Sterilization OF water. 

Attention was drawn to this subject owing to the out- 
break of a severe cholera epidemic in the neighbourhood 
of Pusa, and the difficulty of obtaining antiseptics. 
Attempts were made to obtain a stable hypochlorite solu- 
tion by electrolytic methods and the work was transferred 
to Shillong whilst I was on hill recess there; owing to the 
kindness of the Director of the Pasteur Institute who 
allowed me to work in his laboratoy and the courtesy of 
the officers of the Local Government who allowed me to 
make use of the electric current supply of Government 
House, I was able to continue this investigation and was 
also fortunate enough to secure the assistance of Captain W. 
Hodgkinson, R.E., who was put on deputation by the Army 
Department for this purpose and has since been working 
on this problem at Pusa. It has been found possible to 
produce a solution containing from 3-4 per cent, available 
chlorine by electrolysis from purely Indian raw materials, 
thus avoiding the use of imported bleaching powder and 
having the consequent advantage of avoiding the .great 
loss of chlorine in transit and in store incidental to the 
use of ‘‘ bleach; ” at the same time this solution (now known 
as E. C.) can be prepared anywhere where electric current 
is available, and can be made of standard strength merely 
by reading figures on an ordinary current meter without 
expert knowledge either of chemical or electrical methods. 
This work was done at the instance of the Stores Depart- 
ment of the Indian Medical Service with the object of pro- 
viding a reliable method of sterilizing water for troops on 
field service or elsewhere; the principal difficulty encoun- 
tered has been to obtain a sufficient degree of stability to 
allow of storage for such periods of time as may be neces- 
sary for transport to situations where electric current is 
unavailable;' the degree of stability possessed by E. C., like 
that of all hypochlorite solutions, varies inversely with the 
temperature of storage, but owing to the method of pre- 
paration and the use of an appropriate stabilizer it should 
be sufficient to ensure its efficiency under most conditions 
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likely to be encountered. Further work is now being done 
to ascertain the most efficient form of apparatus for produc- 
tion of this solution on a practical scale. 

VII. Programme of work for 1919-20. 


Major subject. 

1. Nitrogen fixation in Indian soils. 

Sfecial enquiries. 

2. Indigo manufacture. 

3. Pebrine disease of silkworms. 

4. Sterilization of water. 

Minor subjects. 


5. Bacterial diseases of plants. 

6. Biological analysis of soils. 


VIII. Publications 


Hiitcliinson, G. M. . 
Hiitchinson, C. M. 
HutchiBson, 0. M. . 
Joshi, N. Y. . 


Report on Agricultural Bacteriology, 1917- 
18, for the Board of Scientific Advice. 
Nitrogen Fixation in Indian Soils. Agric. 

Journ. of India, XIY, 2. 

Nitrogenous Fertilizers: Their u.se in India. 

Agric. Journ. of India, XIY, 2. 

Rate of Nitrification of different Green 
Manures and parts of Green Manures and 
the infiueuce of crop re.sidues on nitrifica- 
tion. Agric. Journ. of India, Special 
Indian Science Congress Number, 1919. 
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EEPORT OF THE IMPERIAL COTTON 
SPECIALIST. 

(G. A. Gammie, F.L.S.) 

I. Charge. 

I was in charge of the post throughout the year. 

II. Cottons in the Provinces. 

Bombay Presidency. 

Khandesh. On the Jalgaon Farm, in East Khandesh, 
‘experiments have been continued to test the actual values 
of some of the inferior components of the local mixture, 
and of the Sindewahi Cross which was developed in the 
■Central Provinces. 

The local N. R. (Khandesh neglectum roseum) is 
declared to be good for spinning lO’s. Poona N. R. and the 
local N. R. C. have no staple and, although the proportion 
of lint to seed is high, neither is worth any encouragement 
and they should be thrown out. 

The cotton of the Sindewahi Cross is reported to be 
near berar-oomra. It is silky, of good staple, though rather 
variable, and it can spin IG’s. 

The money value per acre works out as follows : — 
N. R. C., Rs. 72-7-0; N. R., Rs. 69-10-0; and Sindewahi 
Cross, Rs. 62-12-0. These figures prove that, if cottons 
•of better staple are desired by the trade from Khandesh, it 
must be prepared to pay a premium to compensate for the 
smaller yield to the cultivator who otherwise will continue 
to grow the cotton which gives him the greater profit, I 
would emphasize the necessity of maintaining on the 
Jalgaon Farm tests with the more valuable yellow-flowered 
forms of neglectu7ns which do possess something in the 
nature of a staple. 

Samples from five localities on the Nizam’s Hyderabad- 
Godavery Valley Railway were grown for comparison on 
this farm. Messrs. Tata Sons & Co. carefully examined 



116 SCIi'NTIFK’ BEPOriTS OF THE AGBICULTURAL RESEARCH 

the cottons grown from these samples and reported a& 
folloivs We have examined these five samples and all 
seem to have greatly iinji roved on the Jalgaon Farm, 
would strongly recommend the cultivation of 1110 glai cotton 
seeds in the Khandesh tract. The samples have all obtained 
the characteristics of moglai cotton which is considered tO' 
be of good staple. That from Dharmabad comes first ; from 
Puma, second ; from Nander, third: from Parbhani, fourth ; 
and Jaliia, fifth. This judgment confirms the opinion that 
we expressed some years ago that a steady increase in 
quality occurs from Jalna onwards to Dharmabad. 

“ In Nander, there is such a great mixture of varieties 
of cotton that only a small number of bales of pure good 
long-stapled Nander is available. 

“ This year the rates of moglai cotton, such as Nander,. 
etc., are about Rs. 70 lower than hroach rates, but ordi- 
narily they used to be very nearly equal or about Rs. 10' 
lower. All these samples are good for spinning 16’s tO' 
20’s.” 

The value per (784 lb.) of these samples ran from 
Rs. 460 to Rs 480, while those of the selections of N. R. 
cotton on the Jalgaon Farm ranged from Rs. 390 to Rs. 400,. 
the value of fine khandesh cotton standing on the same day 
at Rs, 445. We have, however, no information regarding" 
the acreage values of these moglai cottons., 

We have arranged for the testing of yellow-flowered 
types of the local crop and the Sindewmhi Cross against 
the inferior white-flowered types m alternate strips of 
moderate size, and these trials will have to be repeated for 
several seasons. 

Southeni Maratha Country. The type of cotton gener- 
ally cultivated in Sholapnr is the ja7'i mixture of neglect- 
urns prevailing in Khandesh and Berar; in this mixture 
there are stray plants of herhaceum {jotvari hatt/i) and 
Upland. The neighbouring tracts of the Nizam’s Domi- 
nions produce a very high class of cotton from a type, in 
which bani predominates, known as “ karkheli!' Before 
it is finally decided to introduce N. R. into this tract to the- 
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exclusion of every other variety it will be advisable for the' 
local department to give an exhaustive trial to the karhheli 
of the Nizam’s territory which has a ginning percentage of 
29-30, and to the yellow-flowered types of the local cotton 
including the Sindewahi Cross from the Central Provinces. 
All forms of kuiiifta are tested on the Dharwar Farm,, 
and all Uplands at the Gadag Farm which enjoys the 
advantages of both the south-west and north-east monsoons, 
a condition essential for their proper cultivation. 

On the Dharwar Farm, the following selections of 
humfta have been under test for several years, and as- 
regards merit they stand in the following order: — ■ 

Kunifta Selection (Dharwar I), an erect type, with 
short branches, chosen not only for the quality of its lint 
but also for its habit of growth, comes first, with an acreage 
return of Rs. 153-2-0, a ginning percentage of 29i and 
the value of lint Rs. 640, the ordinary kumfta with a 
ginning percentage of 25-2 being quoted at Rs. 625. 

Kunifta Selection (Dharwar II), a bushy type, the pre- 
vailing one in the fields'. The branches are longer than 
in the first. Its acreage outturn is Rs. 130-2-0, the ginning , 
percentage is 29-3, and the lint is valued at Rs. 630 per 
candy. 

When these selections were first made it was expected 
that the more compact growth of Dharwar I would allow 
of closer planting and therefore a higher yield, and this 
has been confirmed by the experience of several years. 
But the possibility of there being a difference in the lint 
also was never suspected, and this has been emphasized by 
means of reports from Messrs. Tata Sons & Co., who say 
that Dharwar I is decidedly superior in length of staple,., 
while the cotton of Dharwar II is bulky and resembles more 
in appearance to what is called Pivatney (Foot-roll). 
Kunifta ordinary, cultivators’ kumfta, gathered for the 
purpose of comparison was valued at Rs. 625. It has a 
ginning percentage of 25*2 and a lint value of Rs. 625. 
All the above samples were considered fit for spinning 
24’s to 30’s. 
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At the Gadag Farm, experiments are conducted with 
difterent forms of Upland cottons known as Dliarwar- 
American which, as has been stated, require both mon- 
soons. Their cultivation is naturally restricted to the tracts 
where these climatic conditions prevail. They exist in the 
fields mixed with jowari hatti (kunifta) round Ranibennur. 
This mixture of Dhar war- American and kum-pta cannot 
be treated as fraudulent; but must be taAen as a pre- 
cautionary measure on the part of the cultivators to ensure 
a crop from at least one variety. In a normal year the 
Dharwar- American ripens first and the crop is mostly off 
the land before the kunipta comes in so that both can be 
marketed at different times. The local department ought 
to work out the actual economic significance of this mixed 
cropping. The' doubtful variety is Dharwar-American, 
as humpta is more generally grown pure. 

In 1912-1913, I pointed out that the deterioration of 
the Bharwar-x^merican cotton had been caused by the 
mix^ture of Upland and New Orleans types of cotton, and 
arranged with the Director of Agriculture for the testing 
■of the same. As a result of this test the Upland type has 
proved far more promising in outturn, ginning percentage, 
and the quality of fibre than the New Orleans type. The 
Upland type, on an average, gives 60 lb. more kapas per 
acre than the ordinary Dharwar-xUmerican mixture, gins 
3 per cent, higher, and in value commands Rs. 15 more 
per candy of 784 lb. The following statement gives the 
average outturn and ginning percentage of the three types, 
which will be found to be of interest : — 


X ame of variety 

Average outturn 
per acre for 

6 years 

Average ginning' 
percentage 


lb. 


Dharwar- A meneaii (ordinary) 

400 

29‘0 

Upland type ' . ' . t .■ 

467 

32'() 

New Orleans type . , . , 

386 j 

29-5 
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Samples from the Gadag «Earm were arranged in the- 
following order ; — 

Ddarwar- American, Upland type selection, gave an 
acreage return of Rs. 142, a ginning percentage of 36, and 
a value of Rs. 640. The quotation for saw-ginned cotton 
on the day was Rs. 615. A sample of ordinary Dharwar- 
American gathered for comparison gave an acreage retiun 
of Rs. 92-8, a ginning percentage of 31*4 and a value of 
Rs. 620 per candy. 

Dharwar- American, New Orleans type, gave an acreage 
return of Rs. 88-6-0, a ginning percentage of 32, and was 
valued at Rs. 630. 

All these cottons are good for spinning 20's to 30’s. 

In order to ascertain wdiether the qualities of fibre,, 
ginning percentage, etc., have any direct connection with 
the condition of the soil, a number of soil samples from 
representative tracts were taken and samples of cotton 
were also taken from the same lands. 

The soil samples were submitted to Dr. Leather whO' 
made the following remarks after their examination:— 
“The soils may be divided into two groups from tlie* 
chemical standpoint, namely, those containing high pro- 
portions of carbonate of lime which are from the villages 
Bhilavadi, Miraj, Sangli and .Bijapur, and the remainder 
which contain very much less. The former contain not 
only a high proportion of carbonate of lime but also a 
very low percentage of available phosphate and available 
potash. The other group consists of the remainder, 
namely, soils from villages Pachhapur, Dharwar, Huilgol 
and Halgali. All these soils contain, comparatively 
speaking, low proportions of carbonate of lime but rather 
more available phosphate and potash; at the same time, 
although the proportion of carbonate of lime in the soil 
from these four villages is low for black cotton soil, it is. 
sufficient for ordinary agricultural needs. 

'' You will see that the chemical analysis does not divide 
the soils ex.actly as the physical analysis did, though one 
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can see the same classification on looking over both the 
■eliitriation and percolation tests figures. The soils from 
Bhilavadi, Sangli and Bijapur are physically imperfect 
.and are in need of phosphatic manuring; the soil from 
village Mira j may not be physically imperfect, but it does 
1 ‘eqnire phosphatic manuring. Of the other group, soils 
from Pachhapur and Halgali villages seem to me to be 
likely to dry up very quickly but are from the chemical 
■standpoint better off than the others. The soils from 
Dharwar and Huilgol villages although chemically and 
probably geologically the same as those from Pachhapur 
and Halgali, are physically different, especially that from 
Dharwar. I shall be very interested to hear from you what 
the agricultural differences are. I would certainly have 
thought that the soils from villages Bhilavadi and Sangli 
were agriculturally different from Miraj soil, although they 
.are chemically so very similar ; and in the same way I would 
iiave expected Pachhapur and Halgali soils to be agricul- 
turally different from that of Dharwar, although here again 
chemically they are so similar.” 

As regards the classification of the soils by Dr. Leather, 
it will be seen that he divides them into two sections. The 
valuations of the cotton samples from the same fields prove 
that they arrange themselves almost exactty in the same 
order. Thus in Section I, Bhilavadi cotton was valued 
at Rs. 272, Miraj at Rs. 280, Sangli at Rs. 285, and Bijapur 
.at Rs. 265: and in Section II, Pachhapur at Rs. 300, 
Dharwar at Rs. 280, Huilgol-Gadag at Rs. 290, and Halgali 
(Ranibenniir) at Rs. 270. The rate of ordinary kumpta 
for the day wms Rs. 275. 

Gujarat. At Surat, attention is concentrated on the 
difficult problem of how to improve the surat deshi cotton 
which is very homogenous in character and is already the 
best of the indigenous cottons. Three strains have been 
isolated and studied : (1) 1027 ALP, (2) Selection lA, and 
(3) Selection II. For the first period of five years, the 
ginning percentages were: (1) 36-7, (2) 36-0 and (3) 35-7, 
respectively, and for the second period of the last three 
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years, they were (1) 34-5, (2) 36-6 and (3) 36-6. The gin- 
ning percentages of sumt deshi for tlie same periods were 
33-3 and 32'7. On this point alone it will be conceded 
that the cultivator gains in quantity by using one of the 
selections instead of his sumt deshi. As regards the actual 
improvement of a selection, it will be useful to record the 
progress of 1027 ALF for the last 8 years. In 1912-13, 
it was reported to have acquired the characters of su7mt 
cotton with a slightly short staple; in 1913-14 it was con- 
sidered almost equal to navsari in length and feel; in 
1914-15 it was in no way inferior to navsari, long, silky, 
.and strong; in 1915-16 the same remarks were made; in 
1916-17 it was considered superior to navsari; in 1917-18 
the same remark was made; and in 1918-19 it was 
reported as good, long-stapled, silky cotton and almost 
equal to Middling American. As regards production, the 
-cotton of 1027 ALF was valued at Es. 206-10-0 per acre, 
that of Selection lA at Es. 192-12-0, that of Selection II 
at Es. 155, and of the local surat deshi at Es. 136. 

For the current season the local department has distri- 
buted, in separate groups of villages, sufficient seed of 
Selection I A and Selection II to cover 5,000 acres, and 
a special staff has been retained to supervise all operations 
on these from sowing till the sale of their produce in the 
market. 

For several years past the staple of broach deshi hsis 
steadily gone from bad to worse on account of the introduc- 
tion of an inferior type of cotton known as ghogari. An 
experimental station was started in Broach to test the 
characters of ghogari as a pure crop, as its origin, history 
and nature were unknown. It has proved to be a prolific 
cropper of a grade of cotton bengals, with a 

high ginning percentage. A number of forms were isolated 
and tested and none were found to approach broach in any 
way. The only alternative that suggests itself is that broach 
itself should be rigorously tested to see whether some form 
•of it could not be developed to give a better profit than 
ghogari. The experiments at Ajupura have shown that 
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there is a possibility of this. If it can be proved that the 
cultivator loses nothing by abandoning gliogari, the- 
authorities will be justified in prohibiting its cultivation. 
Messrs. Tata & Sons had the following remarks to offer on 
some samples of ghogari taken from the Broach Farm : — 

“ They have no staple at all (except one which seems 
to have a little) and they resemble bengals more than any 
otlier variety. We are given to understand that this type 
has not only taken a firm hold in the broach cotton tract 
but it has also extended into the Surat District. If this 
is the fact, it is greatly to be regretted, since it is not at 
all desirable that such a short-stapled type should be- 
encouraged in Broach and Surat Districts. We would 
therefore strongly recommend that the department should 
take rigid steps to discourage the growth of such types in 
Broach and Surat.” 

I think that the possibility of identity between wagad' 
and ghogari should be investigated by a local interchange 
of seeds, -y w., by testing ghogari (under proper restrictions) 
somewhere near Viramgaum and wagad at Jambusar. I 
am also of opinion that, at Dohad Farm in the Paneh 
Mahals, experiments should be confined to the testing of 
herbaceum cottons of whose tract this area is a natural 
extension, and that it is not desirable to neglectimi 

cottons a footing in a staple cotton tract. 

At Ajupura, in the Kaira District, Selection I A from 
Surat, yielded 472 lb. of seed cotton (value Rs. 131 per acre) 
with a ginning percentage of 37*2, wagad gave 456 lb. 
(value Rs. 131) with a ginning percentage of 36-8, ghogari 
gave 411 lb. (value Rs. 117) with a ginning percentage of 
36-8, and the local kanoi gave 398 lb. (value Rs. 114) with 
a. ginning percentage of 38. 

Oentrai India. 

Samples of four cottons were received from the Indore 
Farm for valuation and remarks, • They stood in the follow- 
ing order : — 

(1) Cambodia. Value per acre Rs., 137-7-0, outturn 
710 lb. seed cotton, ginning percentage 33. 
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valua-tion Es. 460 t^qt candy. This was sown 
under irrigation in May. This cotton has not 
got the appearance of Cambodia; the fibres are 
w^eak and staple short, about f inch long. On 
the basis of ujjain at Rs. 520 on the day this 
may be valued at Es. 570, Madras Cambodia 
selling for Rs. 650. A good sample of machine- 
giimed Cambodia has a nice golden tinge and 
a soft feel. The staple is about an inch long, 
spinning up to 40 s, Gadag- Cambodia (roller- 
ginned) is only slightly inferior to the Madras- 
Cambodia but a saw-ginned sample is far 
inferior as the fibres are torn. 

(2) K 22 (an indigenous cotton evolved by Mr. Leake 

at Cawiipore). Value per acre Rs. 60-7-0, seed 
cotton 336 lb., ginning percentage 34, yaluation 
per candy Rs. 415, good for lO’s. 

This also has deteriorated in the Central 
India soil and has acquired hengal style, having 
harsh feel and short staple. 

(3) Local Malvi. Value per acre Rs. 58-9-0, seed 

cotton 356 lb., ginning percentage 30, valuation 
Rs. 430, and good for lO’s. ' 

(4) Marwadi. Value per acre Rs. 48, seed cotton 

240 lb., ginning percentage 33, value per candy 
Rs. 475, good for 20’s. 

As regards future work in Central India, it should be 
emphasized that from the first the staff in charge should 
Ijave a precise knowledge of what cottons actually'' exist in 
the tract and selections of all forms found in the fieki 
should be studied and tested on the experimental farm by 
officers who have had preliminary training in cotton inves- 
tigation. The very fine variety malvensis is well worth 
detailed research and forms of it with a higher ginning 
percentage will undoubtedly be found if the search is con- 
ducted exhaustively. 

Thanks are due to Messrs. Tata Sons & Co., Bombay, 
i'or their generous help in valuing the samples submitted 
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to them. This v/ork takes up much valuable time which 
their stall luive given iingTudgingly to assist us in the uphill 
task of effecting improvement in the Indian cottons. 

III. Programme of work for 1919-20. 

Major. 

(1) To visit and advise on points regarding cotton and 

its cultivation whenever required to do so by 
the Provincial Departments of Agriculture 

Minor. 

(2) All enquiry into the manurial requirements of 

cotton will be made. 

(3) Researches on the botany of (lotton will be con- 

tinued. 


CALCrm; PKINl’ED BX SOTDr. aovi. miNima, INDIA, 8, HASTINQS a'J.llEE'1’, 
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Since the retirement of Mr. G. A. Gammie at the end 
of September 1919 no permanent arrangement has been 
made to fill up the post of the Imperial Cotton Specialist. 
No report of that officer is therefore to be found in this 
volume. 

The Eeport of the Secretary of the Sugar Bureau, being 
not exactly of a scientific nature, has been published as an 
appendix. 

Simla, S. MILLIGAN, 

The 28th Seftemher, Director, Agricultural Research 

1920. ' Institute, Pusa. 
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Scientific Reports of the Igricultural 
Research Institute, Pusa 

{Including the Report of the Secretary, Sugar Bureau) 



REPORT OF TFIE DIRECTOR. 

(S.' Milligan, M.A., B.Sc., and G. S.'Hendeeson, N.D.A., 
N.D.D.) 

I. Charge and Staee. 

Gliarge, Mr. G. A. D. Stuart, I.C.S., held charge of 
the office of Agricultural Adviser to the Government of 
India and Director, Agricultural Research Institute,. 
.Pusa, up to the 23rd October, 1919, and Mr. J. Mackenna,. 
C.I.E,, I.C.S., from the 24th October, 1919, to the 30th 
April, 1920. On the transfer of Mr. Mackenna to Burma 
as Development Commissioner, Dr. E. J. Butler, M.B.,. 
F.L.S., held charge from the 1st May till he was relieved 
by Mr. S. Milligan on the 18th June, 1920. 

Dr. E. J. Butler held the post of Joint Director of the 
Institute until the close of the year, but subsequently 
proceeded on . leave, Mr. G. S. Flenderson, Imperial Agri- 
culturist, relieving him of his duties as Joint Director. 

Staff* Dr. W. H. Harrison proceeded on leave for 
18 months from 1st May, 1920, when Dr. J. Sen, M.A., 
Ph.D., Supernumerary Agricultural Chemist, assumed 
charge of the duties of Imperial Agricultural Chemist„ 
Dr. Sen’s deputation under the United Provinces Govern- 
ment terminated on the 3rd December, 1919. 
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Mr. Howard, C,I.E., M.A., a,nd Mrs. Gabrielle L. C. 
Howard, M.A., Imperial Economic Botanists, went on 
leave from the 26th November, 1919. Mr. G. P. Hector, 
M.A., B.Sc., Economic Botanist to the Government of 
Bengal, has officiated as Imperial Economic Botanist* since 
the 20th December, 1919. 

Mr. J. H. Walton, M.A., B.Sc., Assistant Agricultural 
Bacteriologist, has been appointed to act as Imperial Agri- 
cultural Bacteriologist from the 11th April, 1920, the date 
from which Mr. C. M. Hutchinson, C.I.E., B.A., proceeded 
on leave for 18 months. Mr. N. V. Joshi, M.Sc., B.A., 

L. Ag., Eirst Assistant to the Imperial Agricultural 
Bacteriologist, acts as Assistant Agricultnral Bacterio- 
logist from the same date. 

Dr, F. J. F. Shaw, Second Imperial Mycologist, has 
been cn 11 months’ leave from the 5th February, 1920. 

Mr, Wynne Sayer, B.A., acted as Imperial Agricul- 
turist up to the 4th January, 1920, when the permanent 
incumbent, Mr. G. S. Henderson, resumed charge on return 
from leave. 

At the close of the year under report, Mr. J. F. Dastur, 

M. Sc., Supernumerary Mycologist, wms still on deputa- 
tion in England for training. 

Mr. Afzal Hussain, B.A., M.Sc., Supernumerary Ento- 
mologist, was transferred as Entomologist to the Punjab 
Government on the 16th September, 1919. 

Mr. W. A., Davis, B.Sc., A.C.G.I., Indigo Research 
Chemist, was on leave from the 11th October, 1919, to the 
25th April, 1920. 

Dr. A. P. Jameson, who has been appointed Proto- 
zoologist at Pusa, joined his duties on the I7th October 
1919. 

Subsequent to the close of the year under report, 
Mr. F. M. Hewlett, B.A,, F.E.S.y Imperial Pathological 
Entomologist, died at Mussoorie on the 20tli August, 1920, 
after a serious operation. His death is a serious loss to 
the Institute and the Indian Agricultural Service. 
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, II. Work of the Institute. 

Scientific Work. The scientific work of the Institute 
during the year is described in the reports of the various 
sectional heads. A description of innch of the work has 
already appeared in the form of Memoirs and Bulletins. 
The following is a summary of some of the items of more 
immediate importance. 

Agricultural Section. The permanent experiments 
were continued on the lines of former years and the 
usual collaboration in field experiments with the other 
Sections of the Institute. The general farm area has been 
organized so as to provide a large-scale test of the mainte- 
nance of soil fertility under a double cropping system 
without irrigation, the principal crops being used as food 
for the dairy stock and consumed on the farm. 

Data regarding the economics of “ power ” cultivation 
and the comparative value of. various rotation crops are 
being collected. 

The success of the cross-breeding experiments with 
cattle, so far as the first cross is concerned, is now assured. 

The results of the combined cattle-breeding and fodder- 
raising experiments are clear on two important points, 
■mz ., — 

(1) that, for the production of milk, it is possible by 

crossing Avith an imported breed of high 
pedigree to improve on the milk outturn per 
head of the Montgomery cattle purchased in 
the Punjab, to the extent of at least 100 per 
cent. ; 

(2) that, Avhere conditions permit, it is possible by 

the use of power on a fairly large scale to 
greatly reduce the production-cost of fodder. 

It is now clear that the cost of production of milk for 
the large towns could be largely reduced by the breeding 
of cross-bred cows for the' special purpose of milk produc- 
tion and the growing of cheap fodder on the lines adopted 
.at Pusa. 

b2 
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Chemical Section, As recommended by tlie Conference : 

of Agricultural Chemists, an investigation into the methods 
of analysis of nitrogen and phosphoric acid in manures 
and fertilizers has been undertaken by the Chemical 
Section. The important ^investigations regarding the ; 

retention of phosphoric -acid in calcareous and non-- 
calcareous soils reached a stage which enahled I3r. i 

Harrison to submit the result for publication. The work | 

on windrowing of sugarcanes started at Peshawar was % 

continued at Piisa where it was found that the canes ^ 

were capable of being windrowed .under conditions 'i 

of temperature much higher than those obtaining in | 

the North-West Frontier Province. The question as to | 

whether the roots of certain crop plants excrete toxic sub- 
stances, and the comparative effect of ammonium sulphate 
as a manure for paddy used alone and in combination with j 

green manures, -formed some of the other important investi- 
gations made by this Section. 1 

Botanical Section. Botanical work on wheat, indigo, 
linseed, tobacco, fatwa {EUnscus cannaHnus) and safflower 
has been continued. In addition to this, work on rice and i 

jute receives mention in the report of the Officiating 
Economic Botanist. Reports from the United Provinces 
indicate that some of the new Pusa whea.t crosses sent out 
for trial may prove even higher yielders than the well 
established Pusa 12, showing an improvement in the direc- 
tion of a stronger straw and better grain-holding |:)ro- 
perties. Botanical work on indigo was confined mainly to 
a continuation of observations on plants grown in drained -4 

and undrained tysimeters, to the monthly examination of 
roots, and to seed selection. Definite results have been 
obtained from the work on linseed, indicating the lines on 
which improvement of the Bihar varieties must proceed. 

The Officiating Economic Botanist, in collaboration 
with the Fibre Expert to the Government of Bengal, conti- 
nued the investigations into ‘Fcklorosis ” in jute which 
promise to have important practical results in eliminating 
this danger to the Bengal jute crop. 
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The MycolGgical Section was short-lmnded during tlie 
greater part of the year owing to the absence of two of the 
superior staff. The work on the black band disease of jute, 
rot in potatoes during storage, and on the diseases of fruit 
in Kiimaoii have, however, yielded important results. 
Diseases of cereals have been under investigation and con- 
siderable progress has been made in the enquiry which is 
likely to extend over several years. Observations at Lyall- 
pur of the root-rot of cotton have led to the conclusion that 
this disease which occurs sporadically in Northern and 
Western India, is a non-parasitic one and is associated 
with some unknown soil condition which will require 
special study. 

Entomological Section. In additi n to systematic work 
on insects, the Entomological Section continued the 
investigation of the relative immunity of varieties of 
cotton from boll. worm attack, of borer pests of sugarcane, 
rice and other cereals, and of other agents of damage to 
these crops which produce effects similar to those caused 
by borers. The Imperial Entomologist, in emphasizing the 
importance of the study of the stem borers, estimates that 
the average loss of sugarcane in India through the action 
of borers amounts to 10 per cent, of the total crop. Con- 
siderable material has been accumulated regarding insect 
pests of fruit trees. The results of the prolonged experi- 
ments and the details of the successful methods on the 
storage of grain against insect attack have been fully 
described in a : paper by Mr. Fletcher and Mr. C. C. 
Ghosh. Further work on pests of stored grain was 
mainly directed to finding whether there is any infesta- 
tion ill the field and, if so, to what extent. Lac and seri- 
culture also continued to engage the attention of this 
Section. 

Pathological Entomological Section. On the conclusion 
of his deputation to investigate the mosquito repellents, 
the late Mr. Hewlett wmrked on the effects of alkaloidal 
poisons on rats and of X-rays on mosquito larvm in colla- 
boration with Captain Barnard of the Colaba Hospital. 
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Attempts Avere also made to discover tlie irisect~can*icr of 
a short period fever which was seriously irnpairiup' tiio 
efficiency of ship’s crews in the Bombay Docks. At tlic 
time *)f his death Mr. Ilowlett was engaged on a survey of 
flies in the Punjab and the Noi^th- West Frontier I'^rovimx; 
in connection with the transmission, of surra amongst 
camels. 

Bacteriological Seotmi. A large amount of vnrrk on 
nitrification and fixation of nitrogen has already been done 
by the Bacteriological Section. During the year under 
report; investigations were carried out regarding the nitri- 
fication of cow-dung, cow-urine and sheep fold manure, 
along with their effects on plant growth. The losses of 
nitrogen during the storage of these manures are being 
further investigated. A study of the wide variations in 
the accumulation of nitrate during the decomposition of 
various oil-cakes tends to the conclusion that these are 
intimately connected with the carbohydrate-nitrogen ratio 
of the cakes, the oil content having apparently very slight 
influence on nitrification. A comparison of the nitrogen 
content of soil under fallow and growing crops showed that 
not only the nitrate but also the organic nitrogen content 
of the cropped plots were lower than those of the fallow 
plot. Further work on the sterilization of water by the 
new sterilizer (electro-chlorogen), mentioned i.ii last year’s 
report, was continued. 

Protozoological Section/ Dr. Pringle Jameson, who 
joined his appointment on the 17th October, 1919, has 
taken up the work on the pebrine disease of silkworms 
from the point Avliere Mr. Hutchinson, who initiated the 
investigations, left o.ff. 

The work done by the Indigo Section is published in a 
special series of Indigo Publications started by the Insti- 
tute. A separate annual report has, therefore, not been 
considered necessary. 

Training. The number of post-graduate students 
under training at the Institute, during the ' year, are 
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given below. In addition, short courses have been given iii 
sericulture. , 

Nuuilier of 
students 


General Agriculture 

.3 

Agricultural Chemistry 

. . 1 

Mycology . . . . 

.2 

Econoiuic Entomology . 

. . . . . 1 

Agricultural Bacteriology 

. ■ . , 

Sericulture 

. . . . 5 


Total . 13 


In addition, Mr. T. P. Padmanabha Pillai, Mycologist, 
Travancore State, spent a month in the My cologic al 
Laboratory, and a stipendiary student from Ajmer- 
Merwara underwent a training in general analytical 
methods for three months in the Chemical Laboratory. 
Two students sent from the Agricultural College at Sabour 
were also given instruction in sericulture not amounting 
to a regular course. 


III. Publications. 

Six Memoirs, nine Bulletins, one Indigo Publication, 
and three pamphlets ivere issued during the year, while 
32 publications were in the press at the close of the year. 

The proceedings of four conferences, mz., the Eleventh 
Meeting of the Board of Agriculture, the Second Meeting 
of Mycological Workers, the First Meeting of Agricultural 
Chemists and Bacteriologists, and the First Meeting of 
Veterinary Officers, were also brought out during the year, 
and the Eeport of the Proceedings of the Third Entomolo- 
gical Meeting, an octavo volume of 1,138 pages of print 
and 182 plates, was still in the press on the 30th June, 1920. 

The issue of the “ Agricultural Journal of India ” 
every two months, instead of every quarter, has further 
stimulated its circulation, and, with the commencement of 
the New Year, it is proposed to further increase the print 
order by 250 copies to meet the growing demand. 
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IV. Accounts. 


The total expenditure during the financial year ending 

the 31st March, 1920, was Es. 6,59,343 

as against 

Rs. 6,06,640 during the previous year. The details are 

given below : — 



R.S. 

General expenditure on tbe Institute (including 


the Office of tbe Agricultural Adviser and 


Director) 

2,61,236 

Chemical Section . . . • 

39,856 

Mycological Section . . • * 

45,983 

Entomological Section ..... 

54,089 

Path ological Entomological Section . . 

31,269 

Bacteriological Section . . . 

39,017 

Botanical Section . . 

45,261 

Agricultural Section ...... 

87,381 

Indigo Researcb Section . . 

51,838 

Protozoological Section . , . . • 

3,363 

Total 

6,69,843 


A sum of Es. 15,000 was paid as a graiit-in-aid to the 
Indian Tea Association. 

The principal items of expenditure under the annual 
grant of Es. 10,000 placed at the disposal of the Agricul- 
tural Adviser to the Government of India for special 


agricultural experiments were a,s follows : — 

Es. 

For investigation of anti-seorbntic aiid anti-beribori 

properties of sim-dried vegetables . . . 2,000 

Cost of fencing materials . . . . . ’ 993 

35nleriainment of visitors during motor tractor de- 
ni oiishutions . .; . ... . . 747 

robrine experiments . . . . . . 24.6 

Cost of oil for surra experiments . . . . 500 

and appliances for tbe Mycological Section 

ivt ... . ; . . . . . 1409 

Experimental cotton cultivation by tbe Imperial - 
Cotton Specialist, Poona . . . . . 1,000 

If osquito experiments afPusa . . . .• gig 

Pay of a Veterinary Assistant . . . . . . 541 
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The gross receipts during the year from the sale of 
farm produce, milk, publications of the department and 
-other articles amounted to Es. S6,221 as against Es. 21,40S 
last year. 

V. Conference. 

The Eleventh Meeting of the Board of Agriculture in 
India was held at Pusa from the 1st to 6th December, 1919, 
under the presidency of Mr. James Mackemia, C.I.E., 
I.C.S. The meeting was attended by 49 members and 
27 visitors, the latter including the Hon'ble Sir Claude 
Hill, Member-in-charge of the Department of Revenue 
and Agriculture, Government of India, the Hon’ble Mr. 
R. A. Mant, Secretary to the Government of India, Depart- 
ment of Revenue and Agriculture, and the Members of the 
Indian Sugar Committee. 
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E.EPOKT OT. THE IMPERIAL AGRICULTURIST. 

(G. S. Henderson, N.D.A., N.D.D.) 

I. Charge. 

Mr. Wynne Sayer held charge of the post of Imperial 
Agriculturist till the Rh of January, 1920, when the per- 
manent incumbent took over charge. 

Khan Sahib Mohammed Ikramiiddin was appointed to 
the post of Assistant to the Imperial Agriculturist on 13th 
August, 1919. 

Khan Bahadur Judah Hyam retired from service on 
25th August, 1919, and Mr. L. S. Joseph was appointed as 
Cattle Superintendent. 

II. General. 

An important part of the work of the Imperial Agricul- 
turist is to act as liaison officer to the various provincial 
agricultural authorities in India. During the past yea,r 
little in this direction was possible, Mr. Sayer being 
employed on the Indian Sugar Committee during most of 
the year and during the remaining months the writer has, 
among other general work, been occupied with a scheme for 
motor tractor trials and proposals for an Agri-Irrigation 
Research Institute, A number of tours were; however, 
undertaken in connection with these proposals. A full 
scheme was drawn up for the proposed Irrigation Research 
Institute in consultation with Mr. T. R. J. Ward, Inspector- 
Gen eral of Irrigation, and Mr. Roberts, of the Punjab' 
Agricultural Department. 

A consultation was held with Mr. Smith, the newly 
appointed Imperial Dairy Expert, regarding the place of 
the Piisa herd in the general scheme for the improvement 
of cattle-breeding in India. In the new dairy schemes 
being worked out for various provincial departments the- 
agricultural part of the programme will be drawn up by 
the Imperial Agriculturist. 
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Tile .second and fourth classes of agricultumT students 
were examined at Lyallpur, Punjab. These students were 
found to be of a useful and practical type, and show pro- 
mise of being of great value to the future agricultural 
development of the Punjab. 

III. Publications. 

A Bulletin entitled Practical notes on Salt Land 
Reclamation ’’ was issued during the year. The Guide to 
the farm at Pusa was brought up to date, and the prelimin- 
ary work for a Bulletin on details and costs of the different 
farm crops at Pusa was completed. Various notes and 
reviews for the “Agricultural Journal of Irulia'’ were 
completed. A large number of agricultural enquiries from 
all parts of India were replied to. 

IV. Training course. 

While there is at present no definite post-graduate 
course in agriculture at Pusa, graduates are admitted to 
study farm practice and management of the dairy herd. 
Three students were admitted during the year under 
review. 

V. Pusa Farm. 

The farm is under the Imperial Agriculturist, and, as 
has been explained in former reports, consists of about 500 
acres of arable land and 400 acres grazing in addition to a 
carefully prepared experiment area. The whole is laid out 
so as to permit of its being worked on up-to-date practical 
lines and operated with such western machinery and imple- 
ments a,s are suited to Indian agriculture. The produce 
of the farm is used in the upkeep of the pedigi-ee dairy 
herd. The whole concern is very cheaply run and is, from 
the strictly financial point of view, a good* investment for 
Government. 

77w Season. The season was an abnornially dry one, 
the total rainfall amounting to 32-73 inches as against 
60-19 inches for the previous year. Sowings went on inter- 
mittently during the scanty rainfall in the first three weeks. 



12 SCIENTIFIC EEPORTS OF THE AGRIGULTURAL RESEARCH 

of June and were not completed till July. The pulse crop 
was consequently soi¥n too late. The shortage of rainfall 
continued during the monsoon. Two inches of rain in 
October, liowever, facilitated the sowing of the rahi (winter) 
crop. Drought again intervened till February 1920 when 
rain saved the oat crop from total failure but was too late 
for straw. The arhar (C a j amis indicus) crop ivhich was 
'loivei’ing at the time suffered a great deal and yielded dis- 
appointingly. The monsoon, though light, was not un- 
favourable to the maize grown for grain, but that grown 
foj' green fodder was much below normal. . 

The Pusa Farm is worked under a three-year 6-coiirse 
rotation given beloiv. The land is double-cropped, i.e., two 
crops are taken off the same land annually. 



1st Year 

2nd Year 

Ik'd Year 

■.Monsoon crop {Khanf) . 

Maize for silago 

Maize for corn 

Pulse green crop 


j and fodder 



Winter crop (Rail) . 


ArJtar (Cajanus 

Oats 


1 Oats 

indicus) 



Details are as follows : — 

1st year's rotation. The land under maize is given 10 
tons farmyard manure or 10 maunds oil-cake. and is fol- 
lowed by oats in the raM. ■ During the year under report 
five fields aggregating 125 acres were put down under 
maize and {Androf ogon Sorgum).. The best yield was 
got from South Pangarbi field where 15 acres gave 220 
maunds per acre of green fodder, the best yield of oats 
being 14J- maunds per acre from Brickfield No. 2. 

The working cost for the year for both Jcharif and rali 
crops in this year Of the rotation amounted to Rs. 56-T=^^ per 
acre and the return to Rs. 88-2, giving a working profit of 
Rs. 31-14. per acre for the year. 

2nd year s rotation. No manure is given to the'crops in 
the second year of the rotation. As a rule maize and arhar 

* Exclusive of rents, rates and taxes and supervision charges. 
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are sown together so that the arto’ remains as a mM crop 
after the remoml of the maize, thereby saving a consider- 
able amount of cultivation at the busiest time of the year. 
The total area under this rotation was 140 acres out of 
which 119 acres were sown under maize and arliar. 

The working costs for , the year for all crops in this, 
rotation were Rs. 22-10'^’ per acre and the returns Rs. 96, 
giving a profit of Rs. 73-6. 

The season was a fair one for maize corn and the best 
field Bhograson gave 14| maunds, the average over all being: 
nearly 9 maunds. The arliaf crop, as mentioned above, 
finished badly owing to rain at the wrong time in February 
1920 when the crop was in full flower. 

'3rd years rotation. In the 3rd year’s rotation pulse 
crops are sown in kliarif and fed off on the land. Four 
fields aggregating 132|- acres were sown under guar 
(Cya7}iO'psis psdralioides), soybeans, math {Phaseolus 
aconitifolkis), cowpeas and velvet beans. Out of this, 107 
acres were fed off and 25 acres of guar in Chhoania field 
were cut green for stall-feeding. The latter area was sub- 
sequently sown with oats manured with 5 maunds of oil- 
cake per acre to make up for the removal of the crop. 

The soiling b,egan late (the 3rd of August), the sowing 
of the crop having been delayed by late rainfall. Two 
hundred and sixty-six head of cattle consumed an average- 
of 2-6 acres of crop daily over a period of 40 days (Plate I). 

Oats followed the pulse crop over 88 acres, 4 acres being 
left fallow for next year’s sugarcane and hot weather maize 
and a small area reserved for wheat. The oats area 
received a dressing of one niaund of superphosphate. 

The best yield was 12-|- maunds from Chhoania, the 
, average being 11 maunds. Working cost was Rs. 32"'^' per 
acre and return Rs. 53. 

Sugarcnne. The land for this crop is kept fallow 
during rahi, the moisture being - conserved by repeated 
harrowings till the cane is planted, in February without. 

* Exclusive of rents, rates and taxes and stipei’vision charges. 
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irrigalion. This year eight acres were under cane. A 
'.ireiing nf half a/ton of oil-cakQ was applied per a, ere, liall: 
at pin riling time and the remainder on the first rai nililL 
The crop yielded an average of 472 nmimds per ar-re and 
was sold to the factory at annas 11 per nmmid. Tho co;;!;, 
of production amounted to Rs. 116-9, a,iid the return 
Rs. 231-8 per acre. Twelve selected varieties were grown, 
rzT., thick canes : Sathi, Purple Mauritius, Kaludai I>rida,n, 
D. 99 American and D. 1135;-. Thin canes ; Java 36, Mungo, 
Yuba, Saretha, Maneria, Kuswar and Reora. Twenty- 
nine varieties received from Dr. Barber, Government Suga/r- 
caiie .Expert, were also grown for comparative tests on 
small areas. Out of these, Co 215, Co 201, Co 202, Co 204, 
Co 205, Go 206, Co 207, Co 208, Co 210, Co 213, Go 214:,- 
Java 213, Kuswar and Tobe Monjet did wnll and are tliis. 
year being tried on a large scale. Tiie thick (•a.nes ai’c 
planted in rows 3 feet apart while the spacing ol’ the rows 
for the thin varieties is 2|- feet. This method of piani.ing 
has been found the quickest and most economical in lug.-icd 
to labour. Furrows are opened by a ridging’ [)!ough, J’ol- 
lowed by a sub-soiler to loosen the soil to a dej)th of about 9 
inches. Sets are then laid horizontally in the furrows fol- 
lowed by a top-dressing of oil-cakm. /Tlie sets arcvtliei 
covered by a special implement which is a' combined hang a 
and roller. 

Jute. 21 ‘53 acres in Goojarnialla field were sown irruicr 
jute for seed for the Fibre Expert to the Glovernrnent rd' 
Bengal. The field is liable to flooding, but on accoiinl; of 
the scanty monsoon rainfall the crop grew well a.nd yielded 
134 mannds of seed or an average of . 6-25 inaunds |)er acre. 

Berseem. Berseem or Egyptian clover {Trifoliun^^ 
andnmim) was sown on an area of 8-46 acres commanded 
by irrigation from the river. This is a most promising 
fodder crop, providing fodder between seasons at a ti?ne 
when there is a scarcity of green food. An area of over 40 
acres has now been levelled for .the extension of Biis cro|) 
under irrigation. The fodder will be of great value fo tiie 
milch stock. 



I 
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Soiling. The practice of . grazing fodder crops on the 
land has been found to be of great practical value. It now 
forms part of the rotation designed to determine if it is 
feasible to maintain the fertility of ordinary rain- watered 
land under intensive cropping. With irrigated land the 
matter is comparatively simple, but in rain- watered land 
the maintenance of fertility by simple practical methods is 
one of the most urgent of agricultural problems. 

VI Permanent Experiments. 

These wmre continued in the two fields specially laid out 
for the purpose. 

(«) The permanent manurial and rotational experi- 
ments were continued. The results obtained up to the year 
1918-19 -were discussed by a sub-committee held at the time 
of the last Board of Agriculture. 

The object of this series is to determine the specific 
effect on soil fertility of the more common organic and 
cheinica]. manures applied alone and in various combina- 
tions to a two-year 4-course rotation. 

Table I showing the treatment and results of outturns 
for the year 1919-20 is given below : — 


Table I. 


Plot 

No. 


“ A ” Series ] 

“ B *’ Series 

Treatment 

Maize 

Oats 

uMaize 

Arhar 



lb. 

lb. 

Ib. 

lb. 

1 

N 0 inamirc 

693 

asa 

3S2 

864 

2 

,i''annvaril manure to supply 10 lb. nitrogen . 

,■ 829 

.581 

471 

924 

3 

Parmvaril inamir(! to supply 20 lb. nitrogen . 

1,056 

614 

772 

1,271 

4 

Parmyard manure to supply 30 lb. nitrogen . 

1,251 

733 

779 

827 


Kape cake to supply 20 lb. nitrogen 

874 


540 

910 

(5 

Sulpiia c of ammonia to supply 20 lb. nitrogen 

433 

357 

244 

1,002 

7 

Sulphate of jiotash to supply potash as in farm- 
yjird manure No. 3 j 

417 

358 

261 

830 

8 

9 

Superphosphate to supply PjOj as in farm- 
yard manure No. 3 

Sulphate of potash to supply potash as in farm- 

795 

\ 

712 

632 

476 

10 

yard inamire No. 3 

Su'i ierpliosphate to supply P.jOb as in farmyard 
luamire. No. 3 

Sulphate of ammonia to supply nitrogen as in 
farmyard manure No. 3 

617 

350 

476 


S iilpha'te of potash to supply potash as in farm- 
yard manure No. 3 and superphosphate to 
supply .l ’..(.>5 as in farmyard manure No. 3 

V 790 

622 

1,064 

618 

11 

Ci reen mauuni and superphosphate to supply 
P,0|i as in farmyard manure No. 3 


1 1,017 

1,466 

790 
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(Jj) The greeli-manuTing experimental plots desiped in 
collaboration with the Imperial Agricultural Bacteriologist 
were continued for the purpose of testing residues. The 
yields from the different plots are not included in this 
report as they show no departure from last season’s results. 

(c) The experiments in collaboration with the Imperial 
Mycologiht regarding a method of dealing with die-back 
disease in chillies were continued. 

(d) Six wheat varieties, Federation, Pusa 12, Piisa 4, 
Cawnpore 13, Maroo Booji, and Lyallpur 8A, which 
yielded well last year, were grown in a series of plots. The 
results owing to the deficiency of rainfall were in many 
cases very poor. The highest yield w^as 24 maunds 25 seers 
per acre from Federation, while the highest outturns of 
Pusa 4, Pusa 12 and Cawnpore 13 were 15 maunds, 21 
maunds, and 18 maunds respectively. 

{e) The experiments for comparing the comparative 
economic value of the common leguminous crops were con- 
tinued. There are two series of plots in this experiment. 
.One series is grown with hharif pulses to produce green 
fodder in the kliarif and is followed by winter pulses for 
grain in the season: the second series is for testing, 
grain outturn of both Jcharif and ra&i pulses. 

The table below shows this year’s results :— 


Table II. 
“A’’ Series, 


■ Kharif pulses 

■ Green 
. fodder 
per acre 
in lb. 

HOW UEAl® WISH 

liabi pulses 

Weight 
of seoil 
per acre 
iiiib. 

l-’edto 

cattle 

Left by 
cattle 

1.: Soybeans . . . 

9,453 

6/6 

1/6 

Val ; . 


2. Cowpeas . , , 

14,513 

All 


Lentils 

597 

3. . Floi'kla velvet beans 

■ 9,848 

; 2/3 ' 

1/3 

Purple peas . . 

493 

4. Florida Beggar -weed , 

[ _ 6,692 

2/3." 

1/3 • 

IVliite XJeas . . 

302 

6, Math . : . : , , 

14,710 

All ‘ 


Gram, small Kabuli 

400 

6. IJrid {Phuseohis radiaiiis) 

11,704 

13/14 

1/14 

Gram, Gmvri.|(on! . 

770 

7. Guar . , . 

' 9,527' 

■ 6 / 7 ,' 

, 1/7: ' 

Gram, local, Pusa Bihar. 

452 

:8.^'&l(DoUe7ioslabM) 

. 4,033 

2/3-.' 

1/3 

Gr-am, yellow, of. Gujarat 
District 

448 
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B” Series, 


Kharif pulses 

Weight of 
seed per 
store in lb. 

B,abi pulses 

Weight of 
seed per 
aero in lb. 

1. 

Soybeans 

1,135 

Fallow as kharll crop was harves- 
ted late 


2. 

Cowpeas , . . 

825 

Ditto 


S. 

ITlorida velvet beans , 

1,248 

Ditto 


4. 

Horlda Beggar weed . 

127 

Gram, Kabuli big 

353 

6. 

Math . . . . . 

1,107 i 

Fallow as kharil crop was harvested 
late 


6. 

Urid . . . . . 

610 

Ditto 


7. 

6uar 

1,068 

“ , Ditto 


8. 

Val . . • i • . 

502 

Same crop standing in rabi 



Series A. Almost all the hliarif pulses grown yielded 
well except math, guar, and velvet beans, which gave a less 
outturn of green fodder than last year, probably on account 
of the late arrival of the monsoon which delayed sowings. 
The cowpeas and math grown as green fodder were cosi- 
sumed by the farm stock. 

In the case of the pulses the yield of grain 
amounted to about one-half of last year’s outturn on 
account of the late winter rains in February which fell 
when the crop was just in flower. The Yellow Gujarat 
and the local gram suffered most. 

Series B. The grain yield of hharif pulses is high as 
compared with that of last year, but the late ripening of 
the crop prohibited the sowing of the succeeding raH 
pulses. 

(/) Experiments with Java and Suniatrana indigo con- 
ducted in collaboration with the Indigo Research Chemist, 
and the Imperial Agricultural Bacteriologist, and the wilt 
disease experiments in collaboration with the Imperial 
Mycologist and the Fibre Expert to the Government of 
Bengal, were continued. These experiments will last over 
a period of years and the results will be dealt with from 
time to time, by the Indigo Research Chemist and the Im- 
perial Mycologist in their respective reports. 

As in past years, crops were grown in the North Pan- 
garbi field for the other Sections. 

c 
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VII. Implements and Machinery. 

Steam PloiigMng Tackle. The set of tackle consist- 
ing of two single cylinder “ K ” class Fowler engines with 
steel wire rope and four furrow anti-balance gang plough, 
a disc harrow, a grubber, a zigzag harrow and a Crosskill 
roller, worked during the year for 126 days of 10 actual 
working hours each. The engines were also used for silage 
cutting and for driving an 8-inch centrifugal pump for 
irrigation both in the monsoon and cold weather seasons 
when there was no cultivation work to be done on the 
farm. 

The cost of the set in 1913 was as follows : — 


Es. 

Two engines with steel cables . . . . 30,000 

Plough . . . . . . . . 3,700 

Disc harrow . . . . . . , 3,025 

Gnihher 3,227 

Zigzag harrow and roller 2,925 


Total . 43,477 


Details of output, fuel consumption and working costs, 
including all expenses except depreciation and interest on 
outlay, are given below. 





Showing cost for ivorUncj and mamtammg the Steam Taclde in 1916-17, 1917-1918, 1918-19, and 1919-ZO. 


20 SCIENTmO REPOETS OE THE AGRICULTURAL RESEARCH 


S' 













\ 

I 




Table V. 



1,792 .. 2,187 
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Fordsoa Tractor. After a trial and demonstration 
with implenients used on the farm in May 1919 this machine 
was bought for Rs. 4,362 from Messrs, the Russa Engineer- 
ing Works, Ltd,, Calcutta, for further trials as regards 
fuel consumption and work. The tractor has now worked 
on the farm for fully a year in both kharif and rahi culti- 
vation. The implements used include Ransome’s double 
disc plough, a two 14-inch furrow Oliver plough No. *7, a 
Roderick Lean disc harrow, spring tooth harrows, a Cam- 
bridge roller and an Orwell spring tyne cultivator : also a 
Raja reaper for harvesting oats. The work of the Orwell 
cultivator and Roderick Lean disc harrow when used in 
conjunction with the tractor has been found excellent. The 
Raja reaper is too small for economic results and a scdf- 
biiider would be more satisfactory. The tractor also did 
very good work in driving a Climax silage cutter for chaf- 
fing green maize and jua7\ Figures of output, eonsiimp- 
tion and cost excluding depreciation and interest are given 
below, 
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AustiE Tractor. This machine was bought from 
Messrs. A. H. Wheeler & Co., Allahabad, for Rs, 3,268 and 
arrived on the farm in January 1920. It did equally good 
work to that of the Fordson with tlie same implements and 
was also used for breaking in land from jungle. 

The following statement shows the output, consumption 
and cost during the period of three months’ working. 



Output, mmimption amd cost of AvMin Tractor during three months of worUng. 
{a.) Output. 
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The work of these two tractors ha,ve clearly shown the 
necessity for extensive trials of standard makes in India. 
It is possible that a number of modifications will have to be 
introduced before tractors can be recoiniti ended i‘or ordin- 
ary zemindari conditions. The imports, rice to Indin, ol‘ t.ho 
tractor movement is enormous. Plough cattle of: poworful. 
type are scarce and dear, and improved iigriciiltuce neces- 
sitates more power. It is useless to recommend an inci'ea,se(l 
area of, say, sugarcane cultivation, unless means are pro- 
vided for the extra power required for an increased depth 
of cultivation. A motor tractor equals in work 8— ®10 pairs 
of cattle. The subject is thus worthy of more attention 

than a few spasmodic demonstrations. Further, the intro 

duction of tractors necessitates the provision of training 
schools for drivers and workshops for running repairs 
within easy reach. 

The agricultural machinery trade in India is at present 
in an unsatisfactory state. Makers have no direct repre- 
sentatives in India but are represented by agents in the 
large towns. There are no stocks in the country and KSpare 
parts are increasingly difficult to get, and for these exhor- 
bitant prices are sometimes charged. For example, a. bill 
was presented for Es. 1,200 for spares for a couple of reap-' 
ing machines. Makers will undoubtedly have to contem- 
plate the appointment of their own a.gents and the opening 
of depots in iipcountry districts. 

It is obvious that the work of the ilgricultural Depart- 
ments in India must include both the testing of standard 
types of agricultural machinery and the adoption of such 
suitable modifications as are required by Indian and indivi- 
dual district conditions. This class of work is quite in its 
infancy and requires considerable capital and time. Agri- 
culturists in India are further handicapped by the diffi- 
culty of getting into direct touch with manufacturers in 
England and America. . 



1 
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VIII. Pedig-ree Dairy Heed. 

During the year under report this herd has progressed 
satisfactorily. As has been shown in former reports it is 
divided into two sections 

(a) A pure bred Montgomery or Sanhiwal herd. • 

(h) A cross bred herd obtained by crossing the poorer 
Montgomery cows with Ayrshire bulls. 

(a) Tlie Montgomery Herd. The strict selection for 
milk yield is now giving results and the herd is slowly but 
steadily improving. It numbers over 244 head and it is 
hoped to reject this year all cows giving less than 3,500 lb. 
of milk in a lactation period of 10 months from calving. 

It is satisfactory to record that a number of the new 
heifers have started with yields of over 8,500 lb. in their 
first lactation period of 10 months ; as they are still in milk 
their names are not included in the list below. 

The best results in the past year in the Montgomery 
section are; — 


Table Till. 


Name of cow 

Milk yield 
in lb. (10 
monfclis) 

Sire 

Dam 

Dam’s 
best yield 
in lb. 

Joogni 142 



6,457 

■ 

Amiitsari 

Bowclhi 33 

4,810 

Syria 182 . 



6,312 

Amritsari 

Godhi 99 

6,954 

Roomali 140 



5,007 

Amritsari 

Br.nthi 37 

4,228 

Bhawaui 214 



4,454 

Bebai'i 

Thombi 130 

4,192 

Chaldi 203 



4,317 

Prayagi 

Padmini 56 

3,770 

Anjani210 /, 



4,247 

Behari 

Makbni 28 

4,406 

Ashrafi 211 



4,217 

Prayagi 

Partji 39 

4,665 


The calves from the Montgomery heifers are now being 
weaned at calving time but great care and careful super- 
vision is necessary. When the calf is weaned the cow 
takes the bull sooner and more regularly. 

(b) Gross Bred Herd. The number of the cross bred 
herd is at present 91 head. 
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The best of the cows were : — 


Table IX. 


Name of cow 

Milk yield 
in lb. (10 
montbs) 

Calving 

Dam 

Dam’s 
best yield 
in lb. 

.Alibi No. 3 . 




7,766 

2nd 

Sajni 

3,921 

Naomi No, 1 . 




7,019 

2nd 

Tlioombri 

3,934 

Daisy No. 6 . 




6,481 

2nd 

Gnjri 

4,416 

Kitty No. 10 




6,089 

1st 

Makdi 


Patty No, S . 




5,600 

1st 

Rangeli 

3,333 

Peggy No. 9 . 




6,896 

1st 

Pholmi 

3,619 


The above results are very striking. The combined 
results at Pusa and at the various military dairies, in 
which records of hundreds of animals and over 10 years’ 
■experience are available, show that a cross of the well bred 
Ayrshire bull with an Indian cow wull double the average 
milk yield of the Indian breed. The cross cow, too, comes 
in calf regularly and the calf can be weaned without diffi- 
culty. 

The following tatte shows the yields of two cross cows, 
Jill, belonging to the Military Dairy,' Bangalore, and 
Alibi at Pusa (Plate III). 


Table X. 


Lactation period 

Jill (B.4]srGAt,<jKE) 

Alibi (Pusa) 

Number of 
days in 
milk 

Yield in lb. 

Number of 
days in 
milk 

Yield in lb. 

Pirst . 

347 

7,979 

304 

7,271 

;Seoond , . , . . i 

306 

8,031 

304 

7,989 

,'Tbird : > ' . . . 

i ' 282 

9,457 



Pourth 

303 

11,329 



Fifth . . . . 

366 

13,664 
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Total days from first calving of Jill to day prior tO' 
last calving, 1,944. Total yield, 50,3fi0 lb. Daily average, 
25-90 lb. Presen :, yield from 21st Marcb, 1918, to 31st 
October, 1918, is 9,800 lb. and still doing 30 lb. daily 
(October 1918). Per cent, butter fat, morning 4-44, even- 
ing 4-46. 

From 1st April, 1920, to 30th July, 1920, Alibi lias^ 
given 5,228 lb., giving an average daily yield of 43 -2 lb.. 
milk and is novr giving 38 lb. mill?: per day. 

It is obvious that cows of this type are enormously 
valuable. A cow giving 10,000 lb. milk in a year with the 
retail price of milk at 2 seers to the rupee is worth taking 
some care of. With reference to the comparative quality 
of the milk of the cross bred and Montgomery Herds the 
average of a number of bulk samples showed about the 
same high content of butter fat for the two, viz., 4-6 per 
cent. 

Much criticism has been evoked on the subject of cross- 
breeding on the score of susceptibility to disease. This, 
however, is largely discounted by actual experience at the 
military dairies where rinderpest has been successfully 
combated by the method of simultaneous inoculation. 
Other cattle diseases are not nearly so dangerous. The 
main line of work in this connection is only at the begin- 
ning, viz., the selection of a fixed type from among the cross 
breds. The ideal type of animal would combine disease 
resistance derived from the female side with the milk yield 
derived from the Ayrshire stock. To make headway with 
this "vvork large numbers are essential and the addition of 
other stations is required. 

IX. Sales. 

A sale of surplus stock was held in March and was well 
attended. Thirty head realized nearly Rs. 7,000. 

X. Staff. 

The staff of the Agricultural Section, Pusa, though very 
short-handed, worked with great zeal during the year. 
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XI. Programme of work for 1920-21. 

Major. 

I. Co-ordination of work in the various Agricultural 
Departments by touring, etc. 

II. Practical treatment of the Pusa Parm with special 
reference to suitable modern machinery and the economic 
results thereof. 

III. Practical treatment of the Pedigree Dairy Herd 
and the fixing of a cross bred type of milk animal. 

I V. Experiment work in collaboration with the various 
scientific Sections at Pusa as mentioned in the various sec- 
tional reports. 

V. Potation and fertility experiments on a field scale 
and the trial and acclimatization of new crops. 

VI. Demonstrations and sales at Pusa. 

M inor. 

VII. General advisory work of an agricultural nature. 
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REPORT OF THE IMPERIAL AGRICULTURAL 

CHEMIST. 

(J. Sen, M.A., Ph.D.) 

I. Administration. 

Dr. W. IT. Harrison was in charge of the Section till 
the 80th April when he proceeded on leave. After that I 
have been appointed to officiate in his place. 

II. Education. 

Mr. A. K. Mitra, B.Sc., stipendiary student of the Bihar 
and Orissa Government, completed his course of training 
in agricultural chemistry in March, 

Mr. K. M. Banthia, B.Sc., stipendiary student from 
Ajraer-Merwara, underwent a training in general analyti- 
cal methods for three months in this laboratory. 

III. Meteorology and drain-gauges. 

The usual meteorological records were maintcained. The 
crops and drainage waters from the drain-gauges were ex- 
amined in the usual manner. 

IV. General analytical work and assistance 

GIVEN TO OTHER SECTIONS. 

A. The following samples were analysed and reported 


upon during the year : — 

Soih . .37 

Manures . . , . . . .24 

Feeding stuFs . ,. . . . .22 

Sngaroanes , . . . . . .60 

Milk ... . 8 

Cotton seeds . . . ... .40 

Waters . . .... , .26 

Paddy husk ashes . . . . . . 2 

Insecticide . . . ... . 1 

Fungicides . . . . . . .2 

Fire clay . . . . . . . 1 

Slaked lime . . . . , 1 



32 SOIENTIFIO EBPOETS OF THE AGBIOULTUllAL BESBARCH 

Stomacli cojitents and livers of bulls . . 3 

Miscellaneous . . . • • .2 

229 

Among the items of interest in this coimectioii were- 
samples of the commercial insecticides known as Polvo and 
Katakilla, Folvoi^ a powder which upon microscopic ex- 
amination is shown to be of vegetable origin. The aqueous 
extract consisted largely of dextrinoid, resinoid matters 
with some small proportion of tannin. No specific alka- 
loids could he detected and the active principle appeared 
to be a sapotoxin. This was conhrmed by its isolation and 
reactions, both chemical and biological. There appeared 
to be about 0-97 per cent, present in the sample. Katakilla 
seemed to be a mixture of Folvo with soap. 

B. The following assistance was rendered to other 
Sections : — 

Agricultural Section. Torty-four samples of sugar- 
cane, 15 samples of manures and 4 samples of 
feeding stuffs were reported upon, l^aght 
samples of milk of pure and cross-brtul (-ows 
wmre also analysed. 

Botanical Section. One sample of soil was a;ualysed.. 

Entomological Section. One sample of sodiiiin arse- 
nate was examined. 

Mycological Section. Two samples of fungicide were 
reported upon. 

Indigo Resea.o'cJi Section. Two^ samples of mamii'eS' 
wmre analysed. 

Cotton Sfecialisfs Section. Forty samples oi,' cotton 
seed were examined. 

Sugar Bureau. Sixteen samples of sugarcane wei'e 
analysed for the Secretary, Sugar Bureau 

Imperial Bacteriological Laboratory. Two s.imples 
of feeding stuff and three speed fticus of !h(! 
stomach contents and livers of hill bulls were 
examined for the Director and First fkicterio- 
logist, Muktesar. 
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C. The examination of the soils of the experimental 
plots in the Punjab Field was completed. Tlie results were 
submitted by Dr. Harrison in December 1919 to the Com- 
mittee appointed by , the Board of Agriculture to review 
the permanent manurial and rotation experiments at Piisa. 
These experiments, -which were started in 1908, were de- 
signed to find out the specific effect on soil fertility of the 
more important organic and chemical manures, alone and 
in various combinations, in a 2-year 4-course rotation. It 
wms also sought to determine ho-w far soil fertility is affect- 
ed bj’ growing in rotation, leguminous crops (1) removed 
from the land, (2) returned to the land in the shape of green 
manures. The results obtained are noted below. 

The effect of af plications of organic manures. Bulky 
organic manures have a very appreciable effect in increas- 
ing the total crop, but whereas with cereals the proportion 
of grain is materially increased, the reverse is the case Avith 
rahar {Cajamis indicus). The residual effect of rape cake 
is inappreciable on the second crop, although its effect on 
the crop to Avhich it is applied is very marked. Eape cake 
is therefore not as effective as farmyard manure when the 
application is only once in a full cropping season. 

The effect of mineral manures. Of the manurial con- 
stituents nitrogen, potash and phosphoric acid when applied 
alone, the last is the only one AAdiich gives a distinctly 
positive reaction in Pusa soil, but the combination of all 
three gives the best results to the crop to which it is ap- 
plied. In the case of cereals the use of phosphoric acid 
increases the proportion of grain, but in the case of raMar 
all manures increase the proportion of green matter. 

The effect of pulse crops in a rotation. It Avas noted 
that the benefit due to the inclusion of legumes in the rota- 
tion is positive so far as the yield of grain is concerned, 
but the increases obtained are not of great magnitude and 
there is practically no change in the Aveight of straAv pro- 
duced. In the case of mhar, the addition of a shalloAv- 
looted legume to the rotation resulted in slight decrease. 

I D 
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TA& effect of green mamires. The very definite deple- 
tion of the yiekf of . rahar under the influence of greeii- 
maiiiiriiig — even when in conjunction with superphosphate 
— is very remarkable, but it receives some confirmatiori from 
the observation recorded above that the introduction of a 
second leguminous crop led to a slight reduction of the- 
yield. It would almost seem that as if the use of gTeeii 
manures in conjunction with a legnininous crop of the type 
of rahar were deleterious. It is desirable that this point 
should be tested more rigorously. 

Regarding the cereal crops the returns are very definite 
and distinctly demonstrate the great benefit derived from 
green manures, even in purely cereal rotations. The in- 
troduction of a legume into the rotation gives only a com- 
paratively smal], increased benefit. Tlie outsta/iuliiig 
feature is, howeverythe value of a combination of green 
manure and superphosj)hate. 

V. Methods of analysts. 

As recoimnended by the Chemists’ Conference held io 
Feijrtiary 1919, an investigation of the methods of* ajiai^ysi.^ 
of nitrogen and phosphoric acid in manures and feriib/c: 
has been undertaken at Pusa. Ease of manipulation to- 
gether with the period of time involved in the estimations 
is being taken into consideration along with the nc-cLU'ac}- 
of the results obtained. The results obtained so fa,r ;ire 
recorded below. 

Nitrogen. Kjeldaiii’s original method fot* the esiiraa- 
tioii of nitrogen, and the various modifications which have 
been proposed by different workers are being Cosely studied 
ill this Jaboratory. It has been found that in .Kjeldahi’s 
method where no potassium sulphate is used, as well as in 
Gunning method where no copper sulphate or mercuric 
oxide is used., the time taken for boiling is long. In the 
methods where both copper sulphate and mercuric oxide are 
used to hasten the decomposition, the chances of oxidation 
are generally better, but it is still possible to get good re- 
sults in some of the inethods where only one of these is used. 
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Tlie results of experiments so far tried indicate that rapid 
and accurate determinations may be made by the Kjeldahl- 
Giiniiing- Arnold, by Dyer’s modification of Kjeldalil 
method and by the Gunning method as followed at Piisa. 

Phos'phofic acid. In all the methods tried the results 
obtained were compared with the figures obtained by the 
standard magnesia method. Mention may be made here of 
the methods which appear to be promising amongst those 
studied so far. The Peinbertoii-Kilgore method which is 
the one in use in this laboratory gives accurate figures. In 
the case of substances like superphosphate, ashes, etc., the 
phosphoric acid can also be quickly and fairly acciirately 
deteniiiiied by titration wdth standard alkali. I he pro- 
cess consists essentially in rendering the solution of phos- 
phate just neutral to methyl orange, adding an excess of 
neutral calcium chloride and then titrating until alkaline 
to phenol-phthalein. The volumetric estimation of phos- 
phoric acid by silver nitrate solution has its limitations but 
it is capable of yielding good results under certain condi- 
tions. 

VI. The retention of soluble phosphates in 

CALCAREOUS AND NON-CALCAREOUS SOILS. 

The investigations in regard to the retention of phos- 
phoric acid in calcareous and non-calcareous soils referred 
to ill previous years’ reports have iioiv reached a stage 
which has enabled Dr. Harrison to submit them for publi- 
cation. Consequently, a brief summary of the whole in- 
vestigation is now given. 

It used at first to be maintained that the retention of 
soluble phosphoric acid of superphosphate by the soil is 
simply due to the precipitation of phosphate of lime and 
later on of phosphates of iron and alumina. The precipi- 
tated phosphate being exceedingly finely divided and being 
tlioroiighly disseminated in the soil was accounted to pro 
vide a continuous supply of phosphoric acid to the roots of 
the growing plant. Evidence, however, soon accumulated 
which tended to show that this simple explanation did not 

D 2 
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entirely agree with observed facts. The retention of phos- 
phoric acid by the soil is not satisfactorily explained on 
the purely chemical grounds and, in all probability, the 
physical phenomenon of adsorption is an important 
factor. Adsorption is an instantaneous process, and con- 
sequently under conditions which obviate any possibility of 
the formation of insoluble compounds, may be looked upon 
as the factor governing the range of distribution of the 
phosphoric acid through the soil and the availability of the 
retained phosphate. On the other hand, the introduction 
of a secondary factor such as the formation of insoluble 
calcium phosphates must considerably modify the result, but 
the magnitude of this modification must depend largely 
upon the rapidity of the reaction concerned. It is con- 
ceivable that if, for instance, the rate of reaction between 
monocalcic phosphate — the chief constituent of super- 
phosphate— -and calcium carbonate is very rapid the range 
of distribution through a soil will be limited. Conversely, 
given a very slow rate of reaction the distribution will be 
wider. Evidence on this point is conflicting and it is im- 
possible to formulate with any degree of certainty the 
probable course of eveuts in . highly calcareous soils sucli a,s 
are found in Bihar and other portions of the Gangetic 
alluvium. It therefore appeared desirable to investigate 
the predominating factors governing the distribution, of 
soluble phosphates through calcareous and iion-calcareous 
soils. 

A study of the reaction between calcium carbonate and 
monocalcic phosphate showed that this is an extremely 
rapid process resulting in the formation of the compara- 
tively insoluble dicalcic phosphate. The latter in turn 
slowly reacts with further quantities of calciu.m carbonate 
forming tricalcic phosphate. During the course of reac- 
tion carbon dioxide gas is produced which by increasing 
the number of calcium ions in solution reduces very 
materially the quantity of phosphoric acid formed in solu- 
tion. Consequently, with calcareous soils the importance 
•of cultural conditions which will tend to keep the CO^ con- 
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tent of the soil gases at a minimum and thus permit of a 
greater concentration of the phosphoric acid in the soil 
solution is apparent. 

From what has been noted above about the action of cate 
ciiim carbonate on a solution of monocalcic phosphate it 
would appear probable that this reaction must play a promi- 
nent part in calcareous soils in retaining those forms of 
soluble phosphates which are capable of reacting, but that, 
on the other hand, the effect of this chemical retention would 
be at a minimum in non-calcareoue soils, and in these cir- 
cumstances adsorption may be the limiting factor. It is 
of the utmost importance to determine wdiich of these modes 
of retention is the predominant factor in the two types of 
soil for not only must the ‘‘availability” of the retained 
phosphoric acid be very dissimilar in the two cases, but the 
distribution through the mass of soil must also be very 
different. 

With this object in view parallel series of experiments 
were carried out with a Piisa soil, representing highly cal- 
careous soils, and a soil from Kalianpur which is almost 
devoid of lime. These showed that the phosphoric acid of 
superphosphate is mainly retained through adsorption in 
non-calcareous soils, whereas the retention is mainly due to 
other causes in the case of calcareous soils. Support to 
the conclusion that the retention of superphosphate by cal- 
careous soils is due to chemical combination is lent by the 
behaviour of solutions of di- and tri-sodium phosphates 
with the type soils. In these latter cases no chemical re- 
action could be demonstrated between calcium carbonate 
and the sodium phosphates and the retention here obeys the 
adsorption laws. 

The rapidity of the reaction between superphosphate and 
calcium carbonate lends very strong support to the hy- 
pothesis that this reaction must be the determining factor 
ill the retention of phosphoric acid under conditions iu 
which it can occur. If this is correct, then it would appear 
that when superphosphate is applied to a calcareous soil 
comparatively insoluble calcium phosphates are im- 
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entirely agree with observed facts. The retention of phos- 
phoric acid by the soil is not satisfactorily explained on 
the purely chemical grounds and, in all probability, the 
physical phenomenon of adsorption is an important 
factor. Adsorption is an instantaneous process, and con- 
sequently under conditions which obviate any possibility of 
the formation of insoluble compounds, may be looked upon 
as the factor governing the range of distribution of the 
phosphoric acid through the soil and the availability of the 
retained phosphate. On the other hand, the introduction 
of a secondary factor such as the formation of insoluble 
calcium phosphates must considerably modify the result, but 
the magnitude of this modification must depend largely 
upon the rapidity of the reaction concerned. It is con- 
ceivable that if, for instance, the rate of reaction between 
monocalcic phosphate — the chief constituent of super- 
phosphate — and calcium carbonate is very rapid the range 
of distribution through a soil Avill be limited. Conversely, 
given a very slow rate of reaction the distribution will be 
wider. Evidence on this point is conflicting and it is im- 
possible to formulate with any degree of certainty the 
probable course of events in highly calcareous soils such as 
are found in Bihar and other portions of the Gangetic 
alluvium. It therefore appeared desirable to investigate 
the predominating factors governing the distribution of 
soluble phosphates through calcareous and non-ca’lcareous 
:soils. 

A study of the reaction between calcium carbonate and 
monocalcic phosphate showed that this is an extreinely 
rapid process resulting in the formation of the compara- 
tively insoluble dicaloic phosphate. The latter in turn 
slowly reacts with further quantities of calcium car|}0iiale 
forming tricalcic phosphate. During the course of reac- 
tion carbon dioxide gas is produced which Iw increasing 
the number of calcium ions in solution rcduc/eH \et'y 
materially the quantity of phosphoric apid formed in tK)!u- 
tion. Consequently, with calcareous soils the imporlaru'o 
■of cultural conditions which will tend to keep the CO. (am- 
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tent of the soil gases at a minimum and thus permit of a 
greater concentration of the phosphoric acid in the soil 
solution is apparent- 

From what has been noted above about the action of cal- 
cium carbonate on a solution of monocalcic phosphate it 
would appear probable that this reaction must play a promi- 
nent part in calcareous soils in retaining those forms of 
soluble phosphates which are capable of reacting, but that, 
on the other hand, the efiect of this chemical retention would 
be at a minimum in non-calcareoue soils, and in these cir- 
cumstances adsorption may be the limiting factor. It is 
of the utmost importance to determine which of these modes 
of retention is the predominant factor in the two types of 
soil for not only must the “ availability ” of the retained 
phosplioric acid be very dissimilar in the two cases, but the 
distribution through the mass of soil must also be very- 
different. 

With this object in view parallel series of experiments 
were carried out wnth a Pusa soil, representing highly cal- 
careous soils, and a soil from Kalianpur which is almost 
devoid of lime. These showed that the phosphoric acid of 
superphosphate is mainly retained through adsorption in- 
noil-calcareous soils, whereas the retention is mainly due to- 
other causes in the case of calcareous soils. Support to 
the conclusion that the retention of superphosphate by cal- 
careous soils is due to chemical combination is lent by the 
behaviour of solutions of di- and tri-sodium phosphates 
with the type soils. In these latter cases no chemical re- 
action could be demonstrated between calcium carbonate 
and the sodium phosphates and' the retention here obeys the 
adsorption laws. 

The rapidity of the reaction between superphosphate and 
calcium carbonate lends very strong support to the hy- 
pothesis that this reaction must be the determining factor 
in the retention of phosphoric acid under conditions in 
which it can occur. If this is correct, then, it wmuid appear 
that wdien superphosphate is applied to a calcareous soil 
comparatively insoluble calcium phosphates are im- 
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mediately formed m thus limiting the distribution of 
the phosphoric acid through the soil and causing the 
siiperphospliate to have a very localized value. On IIk* 
Other hand, in non-calcareoiis soils it would appear proha Ido 
that the range of action, would be wider and the distribu 
tion more uniform throughout the mass of the Ksoib I'o test 
this, the distribution of the phosphoric acid of (lilTeriMii 
phosphates by percolation through columns of the t_y]ie s«)iis 
was studied. The results showed that the distributimi of 
superphosphate through a non-calcareous soil is of an 
uniform type. The phosphoric acid penetrates to a con- 
siderable depth and consequently the effect of a]q)lica,tions 
of superphosphate to such soils is widespread. On llie 
other hand, the distribution of superphosphate in tlm 
of calcareous soils is of a non-uniform type, the nrijor p(n*- 
tion of the piiosphoric acid being held in the toj) layers of 
the soil. Consequently, the application of super} )hosphaic 
to these soils has a very restricted effect and has there Inrt* 
probably much less efficiency than equivalent amounts ap- 
plied to soils of the opposite type. In pi’oportion tn the 
amount of superphosphate applied to the columns of soil, 
the soil solution of calcareous soils contains' a imich less 
concentration of phosphoric acid than in the case of non- 
calcareous soils. Jn the light of p.resent knowledge this ca n 
only iiieaii that the phosphoric acid retained is in a imicli 
more available form in the latter soils. 

It has further been found that the presence of even 5 
per cent, of calcium carbonate in a iion-calcarcons soil 
restricts the diffusion of the phosphoric acid ol‘ super- 
phosphate. In fact, in such a case the phosphoric acid is 
practically completely retained in the top few' indies. This 
shows that calcinm carbonate is the determining agcmt. 

On the other hand, it has been demonstrated 1ba1 (he 
distribution of the jihosphoric a,cid of those soluble plios- 
phates which are without action on calcium carbmiao c. 
through a column of soil is of an uniform ty})e even in 
highly calcareous soils, find that the phosphoric acid penc'- 
trates to a considerable depth. It would, therefore, seem 
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very probabte that such phosphates would be more effica- 
cious than superphosphate in calcareous soils. This point 
is under investigation. . 

From the above it will be seen that the phosphate 
manuring of calcareous soils is obviously a very different 
problem to that of iion-calcareous soils and requires special 
■Study. 

VII. The windrowing of sugarcane. 

An account of the work done at Peshawar on the wind- 
rowing of sugarcane has been submitted for iDublicatioii. 
The investigation has further been continued in the 
laboratoiy during the past season. Samples of cane wmre 
cut into pieces and, after paraffining the cut ends, these 
were kept in desiccators. On examining these later on, it 
was found that the sucrose did not fall off but that, on 
the other hand, there was generally a slight increase of 
cane sugar. On wetting the canes which have been thus 
windrowed by desiccation there was a fall in sucrose 
content. It will be remembered that, under field conditions 
at Peshawar there was noticed a similar increase of sucrose 
. in the windrowed canes and that after a rainfall a dete- 
rioration of the canes set in. Canes are thus seen capable 
of being windrowed at Piisa where the temperature con- 
ditions are much higher than those obtaining at Peshawar. 
It appears that moisture is probably one of the important 
factors involved in these changes. In the laboratory, 
samples of canes were further examined under difierent 
conditions and the results obtained tend to show that the 
transformations of sucrose are caused by agencies which 
are present inside the cane and that enzymic activities a.re 
closely connected with these phenomena. This point is 
, under further investigation. 

VIII. The excretion of toxins from the roots of 

PLANTS. 

The water culture experiments detailed in the Pusa 
Memoir, Vol. II, No. 3, Botanical Series, “ Note on a toxic 
excretion by the roots of plants ” were supposed by the 
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author to support the view that the roots of crop plants' 
excrete toxic substances. It may, however, be noted tha.t 
these experiments were performed with or dinar jr well 
water and without any control tests, and that the metliod 
of experiment led to a considerable evaporation of water 
and a corresponding concentration of the dissolved salts. 
This being the case it was felt that the evidence was not. 
conclusive and that a repetition of the experiments under 
more stringent conditions ovas desirable. With this ob- 
ject ill view the same scheme of experiment was repeated 
with the exception that a synthetic nutrient' solution was 
substituted for the well water, and ‘'control tests” were 
introduced to check the results. The nutrient solution used 
was that of Knop. 

A large number of wheat, rahar and grain seedlings' 
were grown in this nutrient solution, and at the end oi: a 
certain period the solution was allowed to evaporate spoil" 
taiieously until its volume was reduced to about oiie-eigliti!. 
The blanks were allowed to evaporate to one-third to one- 
fourth the original volume. Jars containing nutrient 
solution but bearing no seedlings were also treated in an; 
identical manner, and constituted the “ blanks.” Seedlings 
were then introduced into these concentrated solutions, 
supposed to contain the excretions of plant roots, and tlie 
progress of crops grown in them was recorded. Tlio 
results are noted below: — 




Ckoi’s which hah miKviocsL-jr 

QEOWN IN THE WATEK 

Distilled 

water 

« -i'ops ^01 wluch progress is indicated) 

Wheat 

BaJiar 

Gram 

Blank 

Gfram ■« 

'‘Period (in da 3 ’'s) after -vyluch 
withering commenced 

9 

S 


7 

11 


^'Transpiration' (ill grams) 

15-4 

13-8 


9-5 

17-7' 

Baliar ^ 

Period (in (Jays) after which 
■withering commenced 

■ 15 

21 

21 

17 

39 


^Transpiration (in grams) 

15-0 

22-9 

17-5 

21-5 

32-3 

Wheat -< 

Period (in days) after wliich 
withering commenced 

41 



30 

48 


t.Transpiration (in grams) 

34-3 



31-0 

64-() 

Total 

solids per 100 c.c. of water at 
the end of the experiment 

0-269 

0-154 

0 - 22(5 

0-3S2 

nil 
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From the above table it is evident that, in general, the 
seedlings grown in ‘‘wheat/’ “gram,” and “rahar” water 
throve better than in the “ blank test” solution, and that 
seedlings growm in distilled water fared best. These ob- 
servations led to the conclusion that the positive results 
obtained in the experiments recorded in the memoir were 
probably due to the concentration of the salts present in 
the well water and not to toxic excretions. This is con- 
firmed by an examination of the figures for the “total 
solids” in the solutions. The concentration of “blank” 
water in which the seedMiigs grew the worst was the 
highest, whereas the best results were obtained in the dis- 
tilled water. The results obtained from the other 
“ waters ” were intermediate in character and . approxi- 
mately proportionate to the concentration. In short, the 
present series of experiments point to the conclusion that 
increased concentration of any solution beyond a certain 
limit leads to a toxic effect by some or all of the component 
salts present in the solution. The strength of the solution 
in the original experiment recorded in the memoir works 
out approximately to 1T2 per cent., a concentration which 
no doubt will prove toxic to any plant. The presence of an 
alkaloid which the author inferred was the character of 
the excreted toxins could not be demonstrated in the pre- 
sent experiments, and consequently it is only possible to 
conclude that the effect which had been ascribed to toxic 
excretions, is in reality due to the high concentration of 
salts in the solution employed in the final stages of the ex- 
periment. An account of the present experiments which 
have been carried out by Mr. Mukerji has been submitted 
for publication in the “ Agricultural Journal of India.” 


IX. Carbon dioxide in soil air. 

Periodical determinations of carbon dioxide were made 
ill the soil air of three plots in the Botanical Area, Of 
these the first plot was grassed down, the ‘second was 
grassed down but was partially aerated by trenches, and 
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the third was kept siirfa.ce-cultivated. The results are 
recorded belo^v ; — 

Tcrcedaae of CO. in tie soil f/an from tlree (liffema pilots in tie 
Botanical Area. 


Date and the nion tli when the soil goa 
was aspirated 

Plot 1 

grassed 
down 

not No. 2 

grassed 
down l>ut 
partially 
aerated 
with tren- 
elic.s 

1 

Plot N<». 3 
surfaeti 
cultivated 

llainfaU i.u 
iiu-hes 
the 

lasii analy- 

made 

14tli and 17th January, 1919 

0444 

0-312 

0-209 


20th and 21,st February, 1919 

0472 

0-320 

0-253 

1-30 

21st and 22ncl March, 1919 

0-427 

0-223 

0-197 

0-03 

23rd and 24th April, 1919 . . 

0454 

0-262 

0-203 

1-30 

10th and 17 th May, 1919 . 

0-271 

0-257 

0-133 

0-57 

17th and ISth June, 1919 . 

0-341 

0-274 

0-219 

1-27 

17th and ISth July, 1919 . 

1-540 

1-090 

0-301 

10-08 

■25th and 26th August, 1919 

1-590 

0-S3G 

0-401 

8-68 

19th and 2()tli September, 1919 . 

1-910 

0-931 

0-450 

7-38 

21st and 22nd October, 1019 

1-297 

0-602 

0-365 

2-23 

I4th and 15th November, 1919 . 

0-853 

0-456 

0-261 


■22nd and 23rd .December, 1919 . 

0-398 

0-327 

0-210 

0-02 

19th and 20th January, 1920 

0-342 

0-250 

0-186 

0-02 

,24th and 25th February, 1920 . 

0-382 

0-342 

0-238 

1-70 

19tli and 20tli March, 1920 

0-457 

0-383 

0-230 

1-00 

16th and 17th April, 1920 . 

0-367 

0-321 

0-222 

0-11 

19th and 20th May, 1920 . 

0-385 

0-315 

0-236 

0-32 

22nd and 23rd June, 1920 . 

0-544 

0-524 

0-275 

2-21 


. It will be seen that the percentage of carbon dioxide in 
the soil air is highest in the grassed plot and lowest in the 
cultivated plot, the air in the soil of the trenched jilot bei ng 
intermediate in composition. During the first six months 
of the year 1919 the carbon dioxide in the air of the grassed 
plot was between 0-5 to 0-3 per cent., that in the Irenched 
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and cultivated plots being 0*3. . to 0-2 per cent, and 0*3 to 
0*1 per cent, respectively. There was a sudden rise in the 
carbon dioxide in the months July to September. In the 
grassed plot it rose to 1*5 to 2 per cent., in the trenched 
plot to 1*0 to 0-9 per cent., and in the cultivated plot to 0*4 
to 0*5 per cent. This rise seems to be connected with the 
rainfall and with the movements of the soil water level. 
From the month of October there began to occur a fall in 
the carbon dioxide content^ this being 1*3 to 0-4, 0'6 to 0*3 
and 0*4 to 0‘2 respectively in the three plots. These rises 
and falls were most pronounced in the grassed plot and less 
;so in the trenched plot. The variations were of the least 
magnitude in the cultivated plot. The figures obtained 
during the 3mar 1920 agree very closely with those of the 
previous year. 

X. Tobacco experiments. 

Determinations of the dry matters of this season’s 
tobacco have confirmed the observations noted in the pre- 
vious years that the yield of leaves in the case of topped 
plants ” is as good or even better than that in the case of 
“ spiked ” plants ; as regards steins, the yield in case of the 
‘‘ topped ” is much higher than in that of “ spiked ’’ plants. 

XI. Paddy manurial experiments. 

A series of experiments with local paddy were carried 
out to compare the effect of ammonium sulphate used as a 
manure alone and also in combination with green manures. 
It was found however that — so long as phosphate manures 
were simultaneous^ applied — an. increasing dose of nitro- 
gen gave increased yields up to 160 pounds nitrogen to the 
area. Beyond that point there is a falling off and with 
320 pounds the yields are little better than with no nitro- 
gen at all. The tendency was for small doses of nitrogen 
to increase the proportion of straw , to that of grain, but 
with 80 — 160 lb. to the acre the increase in grain was 
greater than that of straw and, consequently, the most eco- 
nomical application would appear to be between 80—160 
pounds of nitrogen. 
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Green maun re used alone gave an increased total crop 
of 65 per cent, but, notwithstanding this, when used in con- 
jiinetioii with ainrn on iutn sulphate it had no appreciable 

effect. 

The employment of ammonium sulphate as a manure 
resulted in a considerabJe increase in the percentage of 
nitrogen found in the grain, and the increase was ap- 
proximately proportional to the amount of nitrogen added 
as manure. The actual variation was 1T5 per cent, of 
nitrogen in the grain from the no-manured pots to 2-S9 per 
cent, nitrogen in that from the pots manured at the rate 
of 820 pounds nitrogen per acre. This very interesting 
point is being subjected to further investigation, 

XII. Programme of work for 1920-21, 

Major subjects. 

1. Continuation of the investigations into the amount 
and nature of drainage water from fallow and cropped 
land, 

2. The influence of manurial treatment of tlie soil on 
the composition of crops. 

3. The mode of action of phosphatic manures in calca- 
reous and non-calcareous soils. 

4. A laboratory study of the changes occurring in 
windrowed cane. 

Minor subjects. 

1. Checking the accuracy of certain methods of analysis 
in eonfirmation to the general scheme drawn up at the Con- 
ference of Agricultural Chemists. 

2. A study of the conditions governing the formation 
of black alkali in soils irrigated by calcareous water. 

XIII. Publications. 

Harrison, W. H. . Report on Agricultural ClieuuBtij, 1918-19, 
for tlie Board of Scientific Advice. 
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Harrison, W. H. . Tlie gases of swamp rice soils, Part VL 
Mem. J)ept. of A.gti. in India, Cliem. 
Seri, VoL V. Ko. 8. {In the press.) 
Harrison, W. H. and Tke retention of soluble pbospliates in oal- 
Das, S. careous and non-ealcareons soils. Mem. 

Dept, of Agin, in India, Chem. Ser., VoL 
V, No, 9. {Ill the press.) 

Harrison, W. H. and Tbe effect of windrowing on tbe composition 
Sanyal, P. B, of sugarcane. Mem. Dept, of Agri. in 

India, Chem.. Ser., Vol. V, No. 10. (In 
the press.) 

Mnkerji, J. N. . Tbe excretion of toxis from tbe roots of 
plants, Agri. Jour, of India, Vol, XV, 
Pt. 5. (In the press.) 



46 SCIENTIFIC REPORTS OF THE AGRICULTURAL RESEARCH 


REPORT OF THE IMPERIAL ECONOMIC 
BOTANIST. : 

(G-. P. Hector, M.A., B.Sc.) 

I. Introduction:.: 

Mr. Howard held charge of the Section up till December,, 
when he proceeded on 11 months’ combined leave, accom- 
panied by Mrs. Howard, Second Imperial Economic 
Botanist. I took over charge of the Section on 20tii De- 
cember and held charge for the remainder of the year. 

Ill 1919; the hot- weather deputation of Mr. and Mrs. 
Howard to Quetta, for the purpose of developing the fruit 
industry of Baluchistan, terminated. The work has been 
handed over to the Local Administration. 

The following are the main items o:f ivor'k which have 
been in progress. 

11. Wheat. 

Ill the Botanical Area, ivork on wheat during tlie past 
season lias bee,n confined to the growing of large areas oi' 
P J.2, P 4 and P 6 as a nucleus of pii.re seed for distribiitio:i'! 
purposes, and to a trial of P 53, a new iTist-resista:nt w'lieat 
produced by Mr. Howard by crossing on P 6, against P 12, 
to test its relative yielding capacity. The result of this tes! 
wa^s as follows:— 


No. of plot 

Varietj" 

Aren. 

Actual outturn 

I’eracrcourtma 

1 

E 12 

0-09 

m. s. ch. 

1 22 8 

m. .s. ch. 

17 . U 0 

2 

P 53 

0-lS 

3 12 S 

IS 16 0 

3 

P 12 

0-09 

1 30 S 

19 IS 0 


As a result of a severe rain-storm in January, P 53 
lodged very badly, while P 12 did not suffer so much. All 
plots had black rust moderately.' 
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111 October 1919, seeds of the new Piisa wheats Nos. 46, 
47, -18, 50, 51, 52, 53, '54 were sent to Mr. Burt, Deputy 
Director of Agriculture, , Cawnpore, and have been under 
trial the past season at the Cawnpore, Kalianpiir and Sliah- 
jahanpur farms. , 

Mr. Burt reports that as the areas were small and the 
experiment somewhat upset by two canal failures, the re- 
sults are not sufficiently dependable to enable strict com- 
parison with Piisa 12 to be made from the results of one 
year only. They indicate, how'ever, tahen in conjunction, 
with the appearance of the standing crop, that several of 
the hybrids are very promising. Mr. Burt states that it 
seems likely all the wheats of the 50— -64 series will be 
higher yielders than P 12. They possess stronger straw 
and hold their grain better. 

Experiments were also conducted on P 12 to test the 
effect of varying irrigation and cultivation on yield and 
quality, but the results are not available for this report. 

No large distribution of seed in bulk from outside' 
sources has been made this seaso.o, but about 114 maiinds 
of pure seed from the Botanical Area supply have been sent 
out to about 40 different applicants. 

Spread of Ptmt ivheats. In the United Provinces, Mr.. 
Burt reports that the systematic introduction of P 12 wheat 
ifi the Doab and Oudh portions of the Central Circle is being 
coiitliiued in co-operation with zemindars, Court of Wards 
estates and co-operative societies. Two District Boards' 
have undertaken seed-storage schemes of considerable inag- 
nitiide during the year, the main item in each case being 
P 12, In the Allahabad Division, a feature of the past 
year’s work has been an increase in the number of cultivat- 
ing zemindars growing considerable areas of this wheat. 
This is said to have materially assisted the seed-supply 
problem. 

The introduction of P 4 in the canal-irrigated tracts of 
Bundelkhand is also being continued, and progress is only 
limited by the amount of seed which the staff ca.ii handle 
and the amount of pure seed available. A special sinipli- 
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fied Taqavi procedure for the supply of P 4 seed in the 
Cawiipore Di 7 isioii 1ms recently been approved by the Com- 
missioner, 

Mr. H. E. J. Peake, Solan Brewery, reports excellent 
progress from the Simla Hills, and the following Hill States 
are said to have introduced P 12 with success :-~-Keonthal 
State, Junga; Baghal State, Arki; Baghat State, Solor; 
Patiala State, Patiala ; Sirmoor State, Nahaii. 

These States comprise the majority of the States in the 
Simla Hills, and with the exception of Patiala all the States 
speak most highly of this wheat. The acreage in Sirmoor 
is said to be roughly 600 acres, and the Chief Secretary of 
Sirmoor State reports that it is their intention to extend 
P 12 this coming year towards Dehra Dun. In two or three 
years , there will probably be nothing but P 12 in the whole 
■of Sirmoor. This result is largely due to the trouble and 
keen interest taken by Sardar Harain Singh, Chief Seercv 
tary. It is also reported that P 12 sold in the market for 

■ annas 10 more per maund than the local wheat. 

Pusa wheats in A ustralia. W ith reference to the spread 
of Pusa wheats in Australia, the following occurs in the 
report of the judges of the Royal Jubilee Show held at 

■ Sydney, Australia, in March 1920 : 

“ A sample of the Indian wheat, Pusa 4, exhibited by 
Mr. W, H. Scholtz, of GiJgandra, is worthy of mention. It 
yielded a percentage of excellent colour flour of 53 quarts 
to the sack strength, which was the highest water absorp- 
tion of all the flours tested in the competition.” 

In the exhibit of strong wheats, Mr. Scholtz again stood 
first with an exhibit of Pusa 4, an achievement for the In- 
dian wheat, and in the class for 5 strong flour varieties, Mr. 
Scholtz also stood first, two of his five being P 4 and P 107. 

HI. Indigo. 

Full details of the work on indigo carried on l,>y the 
Imperial Economic Botanist at Pusa are being published 
as a Memoir. During the past season, work has been 
• confined to a continuation of observations on plants grown 
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in drained and undrained lysimeters, to the monthly ex- 
amination of root-development,', and the continuation of 
work on seed-selection. 

Lysimeter experiments. According to the investiga- 
tions of the Howards, indigo- wilt is nothing more than the 
effect of waterlogging and consequent lack of aeration. 
When there is heavy and continued rainfall, the water-level 
rises and the soihbecomes waterlogged, the air supply to the 
growing roots and nodules of the plants is cut oh, and the 
roots, consequently, cannot thrive. Hence the new roots and 
nodules begin to die oh below and wilt appears above. 

Evidence of this has been obtained by growing indigo 
plants in cemented lysimeters, provided with drainage open- 
ings. In cases where the openings were closed, all the plants 
in the lysimeter got wilt, even when growing in soil which 
was rich in phosphate, and those with free drainage all es- 
caped, even when they were growing in a soil poor in phos- 
phate. Observations on these plants growing in lysimeters 
are being continued for the second year, and the effect of 
drainage on the growth and the health of plant is still 
under observation. Field observations have afforded further 
evidence. The first sign of wait in the Pusa Botanical Area 
appeared la.st year (1919) in tlie third wmek of July,' i.e., 
when the water-level was highest. When the water-level 
went down, aeration w/as regained to some extent and the 
plants began to improve. The water-level rose again in the 
first week of September, and again wilt appeared. 

Root-deoelofment. Systematic monthly examination of 
root systems is being continued. It is found that the 
nodule and new^-root formation begins in April, but up to 
the break of the rains their formation is very slow. Soon 
afterwards, they begin to grow quickly. When the water- 
level begins to rise, new roots and nodules are formed 
towards the surface, and the older, lateral roots begin to 
change their direction, turning upwmrds, till by the end of 
July their tips reach very near the surface of the soil, and 
almost all new roots, and nodules are found in the upper 
three inches. Weak plants which cannot form new roots 
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in the upper soil quickly get wilt. In all cases of wilted 
plants, nodules have been found to be absent and new roots 
very few. 

As a result of Mr. Howard’s investigations, five types 
of root-development have been recorded — 

(«V Early bush type, with all laterals at right angles 

and near the surface. 

(b) Early vertical type, with all laterals near the sur- 

face but pointing down. 

(c) Late bush type, with laterals at right angles, botli 

near the surface and extending to some depth. 

(d) A similar type to (c), but with laterals pointing 

downwards. 

{e) No side branches, but tap root only. 

Type (a) has been found much less subject to wilt than 
the others, and in the 1910 root examinations every case 
of wilt examined was found associated with deep-rooting. 

Seed selection. As mentioned in previous reports, Java 
indigo is not uniform, but consists of a mass' of lieterozy- 
gotes differing widely in habit and character. This is due 
to the cross-pollination which takes place, owdng to whicli 
selection by pure lines is not possible, as plants do not set 
seed uiider bag, and a system of mass-selection, lias there- 
fore to be resorted to. Some types are deep-rooted willi 
long tap roots, others shallow-rooted with surface roots. 
The habits above ground differ in similar ways, some ] icing 
much more branched than others. There are alst > d t ITci n 1 1 c.t\s 
in the maturity of plants. The object of the selection is to 
obtain early, surface-rooting, freely-hrancbing plants, 
which -will give good yields of both seed and leaf. A con- 
siderable amount of selection work has already been done, 
and some types are already being tested on an estate scale. 
Eurther selection work was' started in 1917-18 and is still 
in progress. In that year plants were selected for their 
free-branching habit and high yield of seed and leaf, 
together with other desirable qualities, such as earliiiess and 
surface-rooting. Seed of these selected plants was sown in 
August 191S in separate lines. From these, 100 desirable 
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plants were chosen and arranged (in 1918-19), according to 
}deld of seed, outturn of green plant at first and second cut, 
and condition of growth at the time of the second cut. 
Finally, the best 'were kept for sowing in August 1919, and 
the process is being repeated. In this way it is hoped to 
bring the crop back to a type which will thrive on the soil 
conditions of Bihar, giving good yields of both seed and 
leaf, and showing a high power of resistance to wilt. 

IV. Linseed. 

For some years a large collection of Indian linseeds has 
been grown at Pusa, and a lot of work done on the pollina- 
tion, fertilization and classification of this crop, with the 
■object of selecting superior types. During the past season, 
the main facts with reference to pollination and fertiliza- 
tion have been verified and the classification of previous 
years has been checked. This work has been carried out by 
Maulvi Abdur Rahman Khan, Second Assistant. Out of 
233 original kinds, 129 have been selected and are still under 
•observation. These 129 have been grouped into 38 classes, 
arranged according to colour and size of seed, colour of 
flower and shape of petal. 

The seeds vary from yellow to brown and are grouped 
into three main classes, mz., {a) yellow, (lA faAvn, and (o) 
brown. Each of these seed-classes is again sub-divided into 
small-seeded, medium, and bold, vvdiile again within these 
groups there are blue and wldte-flowered types. 

Much attention has been paid to the pollination of this 
crop. The details of this have already been described by the 
Howards {Mem. Deft, of Agr, India, Bot. Series, X, No. 5, 
pp. 208-211, Dec, 1919). The flowers open in the early 
morning, the actual time depending on temperature and 
Immidity. The anthers burst longitudinally when the flower 
is half open, and at this time stand away from the stigmas. 
Later, when the flower is full open and dehiscence of the 
anthers complete, they close in on the stigma and self-pol- 
lination is effected. In many cases it has been observed that 
twisting of the styles occurs after the anthers begin to 
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burst, and that this twisting helps to move round the burst 
anthers and thus bring the. pbllen-covered surface of the 
anthers into contact with the stigma. Cross-fertilization is 
rare, but by no means unknown, and necessitates the bag'giiig 
of seed in all exact work. 

From the results of this work it appears the ('cntra,! 
Indian types, having a deep root sjcstem, do not form good 
seed in Bihar. Local types, having a shallow root system, 
thrive well and form good seed, but the seed is sma-U and' 
inferior. To improve the seed of Bihar linseed, it will 
probably be necessary to produce a new race by crossing 
between Bihar and Central India types. A type possessing 
a root .system like the Bihar varieties and seed qualities like 
the Central India types is desirable. 

V. Tobacco, Grams, Hibiscus., etc. 

Tobacco. Work on tobacco was restricted to the grow- 
ing of Mrs. Howard’s selected types, for the niaintenaiu'e 
of pure seed. Of these, 51 were Nicotmna talmcum and 20 
Nicotiana mstica. 

Besides these, over an acre of the selected type, 28, 
was grown for seed multiplication, in order to obtain a large 
supply to meet the ever increasing demand for this type. 
From 1-2 acres, 15 maunds 5 seers of seed were n])l,a]ne{l, 
sufficient to grow approximately 95,000 acres. In previous 
years it has been found impossible to grow, sufficient seed of 
this type, owing to the difficulties of preventing erosS"])o!-- 
lina Lion, as other types were being grown in the viciniL)'. 
This year it was possible to allow the flowers to ])o]]iiia.l(i 
freely and set seed right throughout the season, so that a. 
hea vy seed crop was obtained. 

During the period under review approximately 2 maunds 
of seed, sufficient for about 12,000 acres, of this type ii:ue 
been sent out, the largest quantities to tlie Indian Leaf 
Tobacco Development Company, Dalsing Serai, and to 
Burma. 

Grams. During the period under review, the follo-wi.i]g 
types of selected Pusa grams were sown for observation and, 
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miiltipli cation of pure seed. The types and yields obtained 
are shown in the statement. 


Area in acre 

Gram type 

Actual outturn ' 

i Per acre outturn 

Bemabks 



m. s. 

m. s. 


0-26 

17 

2 36 

11 6 


0-20 

18 

2 20 

12 20- 


O-Sl 

18 

2 ,36 

9 14 


{)-"5 

18 

7 

8 

9 24 


0-37 

23 

3 28 

10 24 


0-15 

25 

1 27 

i 

11 7 


0-26 

6 

0 

8 

0 31 

Sown after indigo | 
germination very 
poor. 


The season was a very unfavourable one, and the yields 
are low. Seeds, of all these types are now being largely d is- 
tributed, the quantity of seed available being quite insuffi- 
cient to meet the demand. During the period, approxi- 
mately 15 niaunds of seed of types 6, 17, 18, 23, and 25 
have been distributed. 

Patwa {Hibiscus cannabinus L.). Eight selected types 
were grown in the season under review for maintaining 
piii'e seed. Type 3, a medium-early, tall, straight form, with 
little tendency to branch and of robust growth, has been 
found the most suitable for fibre production, and has been 
under distribution for some years. One acre was grown 
during the year for seed production, and yielded 3 niaunds 
29 seers, and some 10 seers of seed have been distributed. 

Safflower, Twnnty-four types (described in the Mem,, 
Botanical Series, Vol. YII, No. 7) have again been grown 
during the year under report for observation and the main- 
tenance of pure seed. Besides these, several new types, 
selected from seed procured , locally and from Dacca, were 
also under study. These seeiii now fixed in character and 
have therefore been added to the already existing types. 
The Dacca types' are spineless, and appear richer in dye 
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than the Bihar types, which are also all spinose, and for 
both reasons should be more valuable. 

During the season, the crop of safflower was severely at- 
tacked by a fungus disease, identified by the Imperia.i, Myco- 
logist as Rhizoctonia napi. The first sign of disease ap- 
peared in the first week of January and the Rpr(ai<l was 
continuous right through up to the seed-maturing stage.. 
In the case of local Bihar types the attack was late a, .ml 
more pronounced, and consequently very little seed set in 
these types. 

Yams. Eleven varieties of yams were received from tlie 
Straits Settlements last year and were sown with local yams 
for a comparative trial of yield and quality. The tubers 
received were very different in appearance from the commnn 
local yam, suthii {Dioscorew fasiculata Roxl,).). 

To test the quality,' some tubers of each variety, after' 
boiling, were given to local people, and two varieties, No,. 
288 and No. 290, were declared to be superior to the ](.)(*ai 

suthmi, and have again been sown for a further trial 
VI. Rice. 

A considerable part of the time of the Ofiiciating Im- 
perial Economic Botanist has been spent in supervising 
work'in Bengal on rice, in conjunction with tlie Acting Eco- 
nomic Botanist, Bengal. This work has, for its main ol) jec-t,, 
the selectio.n, and production by crossing, of bigli-yiclding 
types, suitable for the various -districts of tlic [)rovim‘ 0 , 
together with the study of the varietal and field cliaraclers 
of types and of their inheritance on crossing. In a,dditi(.)n 
to the types already under distribution, the department now 
has two other high-yielding pure-line types of transpla nted 
paddy, suitable for distribution in the eastern districts,, 
while a new selection at Chinsnrah. promises to replace 
Indmsail (Dacca No. 1) and the local Nagra. The ])]'ol)lem 
in West Bengal is briefly to reduce the duration of high- 
yielding types, such as Indrasail, without matcria.lly 
decreasing the yield. Owing to the prevalence of a, .short 
rainfall in the latter end of the season, the types selected foi- 



INSTITUTE, PUSA, FOR 1919-20 



65 

East Bengal are ra.tlier late for tlie western districts, and 
a paddy which will stand a shorter rainfall is required. On 
good rainfall, Indrasail is a heavier yielder than Nagra, 
but Nagra- flowers and ripens 7 to 10 days ahead of Indra- 
sail, and in a season of short rainfall and in higher, drier 
situations Nagra is a safer paddy to grow. Crosses between 
the two are under observation, and it is hoped selections 
from these will be an improvement on either parent. 

A large amount of work is being done’on the inheritance 
of characters, particularly with reference to the combina- 
tion of characters. These include such characters as earli- 
ness and lateness, size, shape, colour and consistency^ of 
grain, and various colour characters. Amongst coloured 
paddies, no fewer than 53 different colour combinations have 
been found with reference to the distribution of colour in 
leaf-sheath, nodes, glumes and stigma, and a number of 
reciprocal crosses between selected tyqoes of these are under 
observation. 

Further work in progress includes a study of the trans- 
piration of early and late types of aus and aman paddy, 
with a view to determine whether there are varietal differ- 
ences in this respect, and ultimately of determining whether 
the transpiration ratio can be reduced by manuring or other 
cultural methods. Any method of economising water with- 
out reduction in yield would be of great value in Western 
Bengai. 

VII. Jute. 

In conjunction with the Fibre Expert, Bengal, a study 
of chlorosis in jute has been undertaken in the Botanical 
Area at Pusa. Chlorosis is prevalent in many varieties of 
jute throughout Bengal, particularly in the northern dis- 
tricts, and is responsible, where bad, for a reduction in 
yield of several maunds per acre. At first, it was supposed 
that a difference in root system was associated with chlo- 
rosis, healthy plants showing a strong development of sur- 
face roots, with little or no tap root, and chlorotic plants 
generally showing an absence of surface roots, and a tap 
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root wilicli ultimately shows a tendency to turn, iipwmrds. 
Further obserTations, however, appear to show that lids is 
an effect of the chlorosis, and not a cause. As t,]ie wa.hn’- 
level rises and the soil becomes practically waiter] ogi^'cd i-o 
very near the surface in tlie rains, as in Ea.st .l.kMigal, thcj 
healthy, wellmoiirished plants throw out lucu’C a.iid more 
surface roots, till ultimately a bunch of sur:(‘a,ce rool..H is 
fourjd close to the surface. The chlorotic plants, on tlic 
other hand, being enfeebled through their inability to syn- 
thesise carbohydrate, are unable to do this, and in conse- 
quence, in addition to being starved from above, are slowly 
asphyxiated from below. Finally, the tap root of such 
plants endeavours to turn upwairds, away from the wet. A 
systematic examination of the- roots is in progress with a 
view to determine this. . 

Cultures grown at Pusa seem to sliow that the clilorosis 
is undoubtedly hereditn.ry, seedlings of a few days old show- 
ing signs of it. The main facts so far proved are : — 

1, Chlorotic plants never breed pure, but jilways throw 
greens. 

% Green plants may (as opposed to chlov otic) breed 
practically pure, but generally throw chlorotics. 

3. The percentage of chlorotics (whatever the pa.rent is, 

green or chlorotic) is not constant. , In the 
variety Kahya Bombai, in 191.9, out of 42 plots, 
the percentage varied from 11 to 30, wiili an 
average of 21-5. 

4. By constantly selecting chlorotics and breeding from 

these, a race of practically pure chlorotics can 
be produced, and by constantly selecting greens, 
a race of practically pure greens can be pro- 
duced, but no absolutely pure race of either has 
yet been obtained. In chlorotic plots a, few 
greens alwa3^s appear, and in green plots a, few 
chlorotics. 

The facts tend to show that it is possibly a case ni* 
•maternal inheritance, the disease being passed on tlir<aigh 
the cytoplasm of the egg-eell. This cannot be dehiiitely 
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proved till the results of crosses between chlorotic and green 
plants are available. A number of crosses made in Dacca 
last season were unfortunately destroyed in the cyclone, but 
the work is being repeated this season both in Dacca and 
Pusa. 

A form of chlorosis very similar to that in jute has been 
found to be prevalent in raliar (C a j anus mdicus) in Pusa, 
and selections have been made for the purpose of further 
study. It is joroposed to make further search amongst other 
crops. Chlorotic plants have been frequently noted in the 
species of Phaseohis cultivated in East Bengal, and it is 
possibly a fairly frequent phenomenon. 

VIII. Programme and Publications. 

Programme for 1920 - 21 . Investigations will he conti- 
nued on the following crops on the lines of previous years — 
wheat, indigo, tobacco, fibres, grams, oilseeds, fodder crops 
.and fruit. 

Publications. The folloiving papers were published or 
written during the year ; — 

.1. Eeport for 1918-19 on Ecoiioraic Botany;' for the Board of 
Scientific Advice, bj'' A. Howard. 

2. Studies in the Pollination of Indian Crops, I, by A. Howard, 

Cj. L, C. Howard, and Abdnr Raliman Khan. Botanical 
Memoir, Yol. X, No. 5, December 1919. 

3. The “ Spike” Disease of Peach, Trees; An example of mi- 

halanced Sap-circulation, bj?" A. Howard. The Indian 
Forester, Yol. XJA, No. 1.2^, December 1919. 

4. Some Labonr-saving* Devices in Plant-breeding, bjr A. 

Howard and G, L. C. Howard. Agri. Jour. India, Yol. 
XY,No. 1. 

6. The Improvement of Prnit Packing in India, by A. Howard 
and G, L. C. Howard. Agri. Jour. India, Yol. XY, 
No. 1. ■ 

6. Some Aspects of the Indigo Industry in Bihar. Part I. 
The lYilt Disease of Indigo, Part II. The factors 
under lying the seed production and growth of J ava 
Indigo, by A. Howard and G. L. C. Howard, assisted 
by Abdur Ealiiuan Khan and Cliaiidliari Ram Dlian 
Singh. Botanical Memoir, Yol. .XI, No. 1. (In the 
press.) 
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REPORT OF THE IMPERIAL MYCOLOGIST., 

(E, J. Butler, D.Sc., M.B., F.L.S.) 

I. Charge and Esta,blis;iim,knt. 

I held charge of the Section throughout tlu^ yen f, exi’('|d, 
for the period from 1st May to 17th June, 1020, ^v]l{‘t!. I 
was appointed sub. 'pro-tempore Agricultural .Adviser tO' 
the Goveniinent of India and Director of tlie Agricultural 
Research Institute, Piisa. Mr. G. P. Hector, Olliciatijig 
Imperial Economic Botanist, held charge during tlii;> 
period. The work as Joint Director was unusnallv heavy 
last year owing to the development of proposals {‘oi‘ the ox- 
|:)ansion of the Agricnltnral Researcli Institute and tlu^. vo- 
vision of pay of establishments due to efuinged (‘onditioiis. 
after the war, and left little time fur myctologicaJ wui-k. 
The Section further sufi'ered by the absence oj' Mi‘, Last ur, 
SupernuLierary Mycologist, on deputation to England ti*uni 
the end of .iVugust 1919, and of Dr. Shaw, Second Inn 
perial Mycologist, on leave from 5th Eebniary, 1920. 

Towards the end of the year I was appointed Director 
of the Imperial Bureau of Mycology in London, ai hI lca,vo 
shortly to take up this post, Mr. W. McRae, Cover nmetit 
Mycologist, Madras, succeeding me as Imperial Mycologist. 

Mr. M. Mitra, M.Sc., who entered the Section as a- 
private student last year, was appointed First .Assistant 
from 1st April, 1920. 

IT. Training. 

In addition to Mr. M. Mitra, mcntio.n(uI nl)()ve; Pandit. 
S. D. Joshi, a private student from the UniUul Provim-rs, 
coiitiiiued his post-g.radiiate course and was gran Dal a 
stiiHuul by his Local Government. Mr./F. Pa.diiianaiha. 
Pillai, Mycologist, Ti’avancore State, worked a,t laboratury 
metliods during a period of one month from oMi IrPniaia . 
1920. , • 
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III. Diseases of Plants. 

(1) Black band disease of jute. The research work 
on this disease was continued by Dr. Shaw. In Bihar, in 
1919, the state of the jute crop was similar to that in 1918. 
A considerable portion of the seed-crop had, however, been 
sown as late as June and this was invariably clean and 
tiealthy. This confirms the observations made last year 
from the infection of the crop all over Bihar that the late 
sown crop is relatively immune. In the more early sown 
areas the crop was only slightly diseased and not to an ex- 
tent wdiich would seriously diminish the yield. The condi- 
tion of the crop on the Dacca Farm by no means agreed 
with that in the previous season. Both the green and the 
red-stemmed varieties of Corchorus olitorius 'were attacked. 
The incidence of the disease was not heavy and varied 
considerably in different fields on the farm. The greatest 
damage seen in any one area was probably about ten per 
cent. The red-stemmed C. capsularis was also attacked. 
These observations are quite sufficient to show that neither 
the red-stemmed varieties of C. capsiilaHs nor of C. oU- 
torius were resistant to the disease. At Chinsurah Farm 
where the jute consisted of the same red and green varieties 
as at Dacca, the crop was very fine, averaging about 14 feet 
in height, and there was not a single case of black band. 
At Rangpur the crops of both C. olitorius and C. capsularis 
were infected. The disease, however, only reached an ap- 
preciable degree when the plants were of a certain size. 

Infection experiments carried out both on plants in 
pots and on plants in the field showed that though red 
varieties of C. capsularis and C. olitorius are by no means 
immune yet under the conditions of the experiments they 
seem less susceptible. A large number of experiments car- 
ried out on green C. capsularis showed that the number of 
successful infections depended on the humidity of the air 
at the time of experiment and the exact determination of 
the conditions is a point for further investigation. 

The field experiments 'carried out in 1918 with the object 
of throwing light on the conditions affecting the spread of 
the disease were repeated. 
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III. Diseases of Plants. 

(1) Black band disease of |ute. The research work 
on this disease was continued by Dr. Shaw. In Bihar, in 
1919, the state of the jute crop was similar to that in 1918. 
A considerable portion of the seed-crop had, however, been 
sown as late as June and this was invariably clean and 
healthy. This confirms the observations made last year 
from the infection of the crop all over Bihar that the late 
sown crop is relatively immune. In the more early sown 
areas the crop wms only slightly diseased and not to an ex- 
tent which would seriously diminish the 5 deld. The condi- 
tion of the crop on the Dacca Farm by no means agreed 
with that in the previous season. Both the green and the 
red-stemmed varieties of Cor chorus oUtorius were attacked. 
The incidence of the disease was not heavy and varied 
considerably in different fields on the farm. The greatest 
damage seen in any one area wms probably about ten per 
cent. Tlie lod-stemmed C, ca/psularis was also attacked. 
These observations are quite sufficient to show that neither 
the red-stemmed varieties of C. capsulwris nor of C. oli~ 
torius were resistant to the disease. At Chiiisurah Farm 
where the jute consisted of the same red and green varieties 
as at Dacca, the crop was very fine, averaging about 14 feet 
in height, and there was not a single case of black band. 
At Rangpur the crops of both C. oUtorius and C, capsularis 
were infected. The disease, however, only reached an ap- 
precial)le degree when the plants were of a certain size. 

Infection experiments carried out both on plants in 
pots and on plants in the field show-ed that though red 
varieties of C. capsularis and (7. oUtorius are by no means 
immune yet under the conditions of the experiments they 
seem less susceptible. A large number of experiments car- 
ried out on green C. ca/psularis showed that the number of 
successful infections depended on the humidity of the air 
at the time of experiment and the exact determination of 
the conditions is a point for further investigation. 

The field experiinents*carried out in 1918 with the object 
of throwing light on the conditions affecting the spread of 
the disease were repeated. 
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1. Two plots (A and C) were sSowii witli seed oi..‘ green- 

stemmed jute about 5th Maixh,, tlic iVn'iiier with 
treated and the latter with uiitrt^ated semi. 
The land had carried jute which was slightiy 
drained the previous season but Inid not bcHm 
under jute previously for 25 years, /h Corrhori 
was practically absent in both plots ; oniy some 
3 or 4 cases could be seen. 

2. In similar plots (B and D) a crop of C. olltonus 

and of red-stemmed C. oapsularis also loinained 
free from the disease. 

3. Two plots (E and F), each about J acre, situated in 

a portion of the field, in which jute had some 
disease the previous year and was particularly 
bad the year before, were sown witli seed of 
gTeeii-stemmed jute. The seed was stocj[)<^'^^ 
a solution of copper sulphate. Gerijiiuiith'm 
was scanty and both plots were ix'.sown on 4tli 
Jiity after the commencement of the rains, and 
gave a crop of typical late sown jute, short in 
height and thin in stem. In both plots tJie 
number of stems infected with D. Corchori was 
negligible, only about 12 cases could be found 
when tlie crop was cut early in November. 

4. Of two plots (B and K) about -J- of each plot was 

sown on 5th March wdth a red-stein inc([ and 
the remainder with a green-stem i tied vaiMoty ot 

C. Gafsularis: These plots were si tnaiod in 'Im 
land which had carried the disojised jiile in 
1918. Both the varieties of seed sown had 
been steeped in 2 per cent, copper suljilmte. 
Plot H carried, a very scanty crop a;nd liad 31 
cases of D. Corchori among the green-stemmed 
and only h cases in the 'red-stemmed variely. 
Ill plot K the crop was much thiclan*, both g(n*- 
minatiou and growth having been betUm than 
in plot H. In plot K there were 199 {-ase:-; <d’ 

D. Corchori among the green-stemmed and :'M- 
cases in the red-stemmed variety. 
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5. Plots (M and N), each about J acre, were selected 
in good land which had never carried jute before. 
Plot M was sown on 5th March with seed 
of green-stemmed variety which had been treat- 
ed by steeping in copper sulphate solution, and 
plot N was sown on the . same date with seed 
which had not been so treated. Both plots 
gave an excellent crop of jute, 9 — 11 feet in 
height. In both plots nearly the same number 
of stems were diseased owing to D. Corchori — 
76 stems in Plot M and 56 in Plot N. 

As a result of these field experiments, particularly from 
a consideration’ of the last twm plots, it cannot be said tha t 
seed steeping in copper sulphate has any influence on the 
severity of the disease, and, therefore, as mentioned above, 
the dissemination of the disease cannot take place to any 
appreciable extent through spores of D. Corchori mingled 
with the jute seed. The percentage of disease was also not 
to any extent greater in those plots which had been under 
jute for two or more successive seasons. Steeping the seed 
may then be discontinued. 

An account of the work done on this disease during the 
last three years is now in the press as a Memoir. 

(2) Froit work in Knmaon. The season's' practical 
work for 1919 was completed in July. The chief diseases 
dealt with were apple mildew {Podosphmra)^ which most 
nearly approaches epidemic conditions in these orchards, 
branch blister and apple cracking due to Coniothecmi 
ehoniatos-porum^ fly speck and sooty blotch (Leptothyrmm 
Ponii), and peach leaf curl (Ewoascus deformans). 

The apple mildew spraying series included a test of home- 
made lime sulphur, Berger’s lime sulphur, and Burgundy 
mixture, lead arsenate being added in each case. The trees 
stood even the ‘‘ winter ” strength of lime sulphur success- 
fully and the experiments showed that an application of 
this fungicide made at the proper time will largely control 
the disease. Berger’s mixture proved very satisfactory and 
simple to use. Further experiments with iron sulphide 
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are, iiowever, required before deciding on lime sulpliiir as 
the routine treatment. 

For the Coniothyfium disease the same sprays were used. 
Ill general the superiority of the fruit on the sprayed roivs 
was very marked. The home-made lime sul pilin' aanl 
Berger’s mixture both gave good results and did no dainage 
to the trees. Burgundy, however, caused so iniu-li damagi^ 
to fruit and leaves as to be largely a failure. This bears 
out recent work in English orchards with this mixture. 

There was little Le/ptothyrkim but the trees 

sprayed wdth lime sulphur and Burgundy had certainly 
less than the others. Burgundy injury was again marked. 
Peach leaf curl was entirely controlled by all three sprays. 

The variation between different varieties in susce|)ti- 
'bility to disease as well as in resistance to Burgundy injury 
is so marked that it is useless to expect comparati ve results 
unless the tests are made on the one variety. Nortliern Spy 
is so susceptible to mildew that it is being discarded on at 
least one estate. King of the Pippin was iinmune to 
Coniotheciim. Burgundy injury was very bad on Pox 
Oiange Pippin and the leaves were scorclied on Esopus 
Spitz, while King of the Pippin wms quite free from it. 

I visited Ramgarh in October with Dr. Sliaw and dis- 
cussed future work on the spot. The proprietors of the- 
Allen Orchard are kindly placing at onr dis|)osal a small 
building for mycological wvork. Owing to Dr. Shaw’s 
absence no new experiments have been cai'ried out in the 
1920 season. 

(8) Gereal diseases. It has long been a-ppajamt lo 
mycologists in India that there is a lai'ge grou]> of ji-arnsib's 
belonging to B.eImmthos'po7Hv‘iii' a,nd allied 

genera which attack cereals throughont the country. Sonu' 
of these, such as the stripe disease of barley, arc well knosvn 
in other countries, others appear to be peculiar io India or 
at least have not ])een previously described. Mr. M. Mil r‘a 
took up the study of the species allied to UehmMlxKsjioninn 
and has made considerable progress in this enquiry, which 
is likely uo extend over several years. 
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Species of Helminthosformm were foimd commonly 
attacking maize, jowar {Androfogon Sorghum)^ hajra 
(Pennisettm ty-phoideuTn), rice, wheat, oats, barley, and 
sugarcane. In every case the chief attack is on the leaves, 
and excepting the stripe disease of barley the symptoms 
are on the whole very similar. 

The parasite concerned -was isolated from each of the 
above hosts and grown in pure culture for comparative 
study. , Wheat was found to have a considerable range of 
forms on it in different parts of India. They appear to be 
related to H. teres Sacc. On rice the common species ap- 
pears to be H. Oryzm ITori, previously described from 
Japan. H. tiircicum Pass, occurs on maize and jowar Amt 
freely grows also on wheat, oats, barley, and sugarcane. 
It does not attack hajra and only rarely rice. The species 
on sugarcane and rice attack all the hosts on which they 
have been tried whereas the wheat and barley species give 
reciprocal successful results. Further work on these lines 
is being done. 

An allied genus, Acrotheciuni, is parasitic on several 
of the Graminece and one species attacks hajra at Pusa 
somewhat severely. It is a new species, which has been 
named Acrothecium PeMniseti. The attack is on leaves, 
leaf-sheaths and ears, the leaf -form being the commonest 
but the ear attack probably doing most damage. The spike- 
lets are attacked in clusters and the grain aborted. The 
attack is, as with so many other fungus diseases at Pusa, 
closely dependent on the atmospheric humidity. 

The parasite has been isolated and studied in artificial 
culture i}y Mr. Mitra who has written a detailed account 
of i t, now in the press as a Memoir. It is a vigorous para- 
site, with general points of similarity to other parasites 
of allied genera. It can attack maize ears but not the 
leaves; jowar is immune. 

A second species, Acrothecium lunatum Wakker, is 
common at Pusa on maize and jowar, as well as on several 
wild grasses. It appears to do a good deal of iniury to 
the male inflorescence of the former, where it is sometimes 
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Associated with Acrothecium falcatum Telion, but it is only 
a weak parasite on jo war. It is capable of attacking 
young leaves of hajr a to some extent. Anothei* ):(;‘Tiri is 
found on rice. All these are being studied in pui'c cultui-in 

Last season we received a number of reports and sfieci - 
mens of disease in wheat with the general synipinnis oT Umc 
foot rot disease which -has attracted so miith alt-tmi ion i n 
the United States in recent 3 mars. As in that country a 
group of fungi seems to be responsible. The three fungi 
so far found in India are Rhizoctonia destruens, a Pythiuni 
of the gracile group, and a Fusarium. Of these the last 
is the most destructive, the other two being ros])onsib]e in 
a limited number of cases only. All three fungi were 
isolated in pure culture by Mr. L. S. Siibrainaniani a ml 
successful. inoculations were obtained with tlieni on wheat 
grown at Pusa. 

(4) Pytliium disease of ginger and other crops. A 
Memoir describing fully this diseu.se was published by M, r. 
L. S. Subramaniam during the year. As the woi'k was 
summarized in last year’s report it need not lie further 
referred to here. 

(5) Potato storage rots. Co:nsi<lcrable aldmiiion bus 
been given to the study of the means of piywcnling roUing 
of potato tubers during the hot weather and ruins. Loui- 
'plaints of heavy losses from this cause leading (o an exce^;- 
sive price of ‘‘seed’’ tubers at planting (lave Irecoiiii- 
very frequent of late. A series ot exporiincnls was (‘om 
ducted at Sialkot in collaboration wvilb the Ihinjab 
Department of Agriculture. 

In storing potato tubers a two-storeyed well-ventilated 
house was selected and fumigated with sulpliur vapour. 
Two sorts of tubers were selected : {a) from fields wlierc^ 
potatoes were grown as ordinary routine cix)}), {b) from 
fields where potatoes were grown for the first tanu'. 
The selected potato tubers , were then put into sttunh* 
gunny sacks and fumigated with petrol vapour for 
24 hours. Some of these fumigated potatoes were 



stored (1) in dry sand, (2) in sacks loosely pa, eked, 
and (3) on racks made of wooden battens. The- rest 
of the fumigated potatoes were treated in corrosive 
sublimate solution (1 in 2,000) for 1 hour and after- 
wards ta,ken out and dried and were^ stored exactly in the 
above manner. The experiment lasted during May and 
June 1919. The -year being exceptionally trying on account 
of the excessive heat, potatoes started rotting very soon 
and in every case the bulk of the potatoes became rotten. 

These results bear out the conclusion previously come 
to that the rot is primarily a result of excessive tempera- 
ture and that it wilhfoe difficult, if not impossible, to check 
unless some form of cool storage can be devised. The 
natural suggestion is storage in the hills (at present a 
large proportion of the plains crop is f rom hili-grown seed 
.‘ind it should be possible to develop this by iinproving 
transport facilities and cheapening freight) but the alter- 
natiiral suggestion is storage in the hills (at present a 
ITirtlier woik is required so as to get a more exa-ct knowledge 
of tlie temperature limits at which storage may be expected 
to pay. 

(6) Eoot rot of cottoiic The writer visited Lyallpur 
ill October 1919, to make a further attempt at diagnosing 
the cause of this disease. Previous efforts a,t Lyallpur and 
Ilaiisi had been unsuccessful, the causes then assigned not 
standing the test of more exact observations and experi- 
ments. The conclusion arrived at on this last visit is that 
the disease is a iioii-parasitic one which is associated with 
some iiiiknowii soil condition. Further work will probably 
have to be taken from another side than the myco logical. 
The disease occurs sporadically through most of Northern 
and 'Western India. 

IV. Systlmatic work. 

A good deal of progress was made in the preparation of 
a fungus flora of India, so fa.T as the materials at present 
exist. The total number of recorded species is probably 
under 2,000 which is certainly not one-fourth of those that 
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exist. It is hoped to continue this work as opportimity 
permits. 

An interesting paper has recently beenpiiblislicd in tlui 
Philippines which gives evidence to support llic \ 
that the bud rot of coconuts is caused by the saJtK; 
fungus that causes canker of rubber and {5aca,o aud Is 
usually known as Phytofhthora Faheri MaublaiH:, 1 1 tliis 
is correct and the cause of bud rot in the Pbili])pines is t.ho 
same as in India this -fungus will rank as one oC Ihc most 
•destructive known. Its Indian naine^ Fh.ytophihora 
fcilmhora, has priority over that giA^en alwe. 

V. Programme of avork for 1920-21. 

(1) Research work. New diseases of Indian ('.rops tlnit 
come to, the notice of the Section will l)e iriAmati go, ted as 
opportunity permits, but the follond ng diseases Avill riuavi ve 
special attention and Avil! constitute ina,i n lines of in vest! 
gation ; — 

(a) Black band of jute. 

(&) Chilli diseases. 

(e) Fusarium wilts, especially in relation to soil a.ud 
maniirial conditions. 

(d'j Sclerotial diseases df jute, sugarcane, pjiddy, a;nd 
Eangooii bean. 

(e) Orchard diseases. 

Minor investigations Avill include the study of soin*^ 
fruit anthracnose, Orohinche on tobacco, root rot (^f c-otioii, 
sugarcane smut, sal root rot, and Pytkiwni disease of 
papaya, ginger and tobacco. 

(2) Systematic work. It is hoped to resume this with 
the facilities provided by the proposed Imperial Bureau of 
Mycology in London. Steps Avill be taken to supply the 
Bureau with representative collections from India. ' Tim 
preparation of a list of Indian fungi Avill be continue<l. 

(3) ^ Trailing. This Avill be continued on the lines indi 
cated in the prospecths. 
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Routine worh. Advice and assistance will be given 
to Provincial Departments of Agriculture and other 
Departments and to the general public. 

VI. Publications. 

Biitler, E. J. . . Report on Mycology, lOlS-lO, for tlie Board 

of Scientific Advice. 

Siibramaniam, L. S. . A Pythium Disease of Ginger, Tobacco and 
Papaya. Mem. Dept, of Af/ri. in India, 
Bot. Ser., Yol. X, Xo, 4-, December 1919. 

Sbaw, E. J. F. . Studies in Diseases of tlie Jute Plant. 

(1) Diplodia Corchori Sycl. Mem. Dept, 
of Agri. in India, Bot. Ser., Vol. XI, 
Xo. 2. {In the press.) 

'Mitra, M,. . . Morphology and Parasitism of Acrothecium 

Penniseti nov. «sspec. (A Xew Disease of 
Penniseturn typhoideum Rich.) Mem. 
Dept, of Agri. in India, Bot. Ser., Fol, 
XI, Xo. 3. {In the press.) ' 
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■ EEPOET OF THE IMPERIAL 3^NT0M01/)GIST„ 

(T., Bainbrigcvi? Fletcher, E.N., F.L.8., F.ETF, F.Z'.S.) 

‘ I. ArEVr'IHISTIIATlON. 

Tlie Imperial Eiitoinologist lield elLcrgo of (he 
tlmmghoiit the year , ended SOtli June, 1920. The 
of Mr. M. Afzal Husain, M.Sc., Suj.)ei’immerary .IhiinniO' 
logist, were transferred to the Punjab Department of .'\gi'i- 
culture from IGtli September, 1919, since wiiicli ihrle i lie- 
post of Supernumerary Entoinologist has remained ^ acanl. 
Mr. G. R. Dutt, B.A., was appointed Personal Assists ni lo 
the Imperial Entomologist from 1st May, 1920. 

II. Training. 

Mr. G. D. Austin, a student deputed by tlie Gey Ion De- 
partment of Agriculturo, was received for training on 1st 
June, 1919, and completed the ordinary course on 31st 
March, 1920, but has been given an extension up to Se|)-- 
tembei’ 1920. 

Three students completed a short course in sericislluve 
and two were under instruction at tlie end of (iu' year. 
Two students sent from the Agricultui'al College at Haboin- 
ivere also given instruction not amounting to a regidar 
course. 

III. InvSEct Pests. 

Cotton. The species oi xicrocereofs referred to and 
figured in last year’s Report has since been na.nied by MI'. E. 
Meyrick as A , zyejonoma, n. sp. 

The question of determining the relative iinirmnity of 
varieties of cotton was continued. Gcrininati on of the 
pkrnts was very sat-isfactoryjmt at the close of the year the 
experimental cotton plants suffered from drought and heat, 
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'tlie maximum shade temperature reachi.iig as liigii as 
112-3°F. The ground soon lost moisture^ and as a result 
the plants did not boll well; indeed, in the case of some 
varieties of cotton, there were no bolls at all to continue 
the countings. SyUfta derogata, together with PJimia- 
coccus hirsutus and Ph. corymhatus, appeared and did con- 
siderable damage to certain varieties of cotton. During 
the year Hibiscus abelmosclms continued to be a better trap- 
crop for Cotton Bollworms (E arias) than either hhindi 
(Hibisctis esculentus) or hollyhock, and as in previous years 
a larger number of bollworms and of Mkrobracon lefroyi 
were found in the pods of II, a.helmoscJius. A survey of 
alternative foodplants of bollworms was made and is being 
continued. Mkrobracon lefroyi continued to be the most 
prominent parasite of Earias. 

Eice. Work on the borer pests of rice has been con- 
.tiriiied in the neighbourhood of Piisa, and confirmed the con- 
clusion arrived at in last year’s Report that on the average 
in the Pnsa district these borers cause a relatively small 
amount of damage, amounting to a, bout 4 per ce.iit. In order 
to get an idea, of their activities in some of the other rice- 
growing districts in. Bengal and Bihar, the rice-stiibblefi of 
the following places were examined in December 1919.- 

At Chinsurah, stubbles examined in and around the 
Farm showed about 13-5 per cent, damage by borers. ' The 
actual damage to the crop (for reasons explained in the 
preliminary paper on Borers) would be less than this. In 
about 8.00 stubbles examined the following insects (larv^a, 
iriipa or empty xmpa-case) were obtained : — 

Schcsnohius hipunctifer , . . ‘ A 

Chilo simplex . . , ■ . .1 

Cliilo or y zee , . . . . . - I 

At Midnapiir, stubbles collected from the neighbourhood 
of the town showed about 5’4 per cent, damage by borers. 
From a, bout 500 stubbles examined the following insects 
were obtained : — 

Schmnohius hipunctifer . . ... I 

Chilo simplex , . . . . .1 
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At Bankura, stubbles collected from the neighbourhood 
of the town as well as from the villages in the interior show- 
ed about 22 per cent, infestation by borers. In about 1,0()0' 
Btubbles examined tlie following were found ; — 

Schosnobius biimnctifer . . . ■ . 12 

GMlo simplex- . . . • ■ • ^ 

At Cuttack, stubbles collected from all over the FarTu; 
exhibited only 9 per cent, damage by borers. From about 
900 stubbles, the following -were obtained :-~ 

Sohoenobius hipimctifer 
Ohilo simplex 
Cliilo QfyzcG . 

Sesamia in fere ns 

From many of the experimental plots on the Cuttack 
Farm the ci’op was not yet harvested an d some of these plots 
(each 1/ 5th acre in area) showed an unusually high propor- 
tion of dry ears. For instance, in two plots, one of n 
variety known as khura and the other of Imkrajota, tlie 
number of dry ears was as high as 20 per cent., whilst in 
neighbouring plots under the same varieties of paddy the 
damage was much less than half that in the two plots men- 
tioned. From the lihura plot referred to 100 aifected plants 
were pulled out from all over it and of these 40 were not 
damaged by insects whilst the remaining 60 ex lii hi ted 
damage by borers, of 'which the following w*ere found : — 


Schaenohius hipimctifer y 

. 30 

Ghilo simplex 

. 8 

Sesamia infer ens . . . 

2 


Out of 100 affected plants similarly picked from the 
kuhrajota plot, no less than 92 wmi’e found damaged by 
borers and the following borer larvse were obtained from 
them, , 


Scliwnobius bipmiciifer . . 

. ... .30 

Clvilo simplex . . . . 

. . 38 

Cliilo oryzm , . , . . 

. : ' . ■ 2 

Sesamia inf evens . , , . 
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There was no apparent reason why so many insects 
should have been concentrated in individual plots in this 
manner. The larvse of CMlo si^Ti'pleos were observed to occur 
plentifully in the stems of Coio) lachry7na-johi var. aquatica, 
which was growing as a weed all over the Farm and 
amongst the rice-plots, but all these experimental plots of 
rice-plants seemed equally subject to their influence. The 
• concentration of the borers in individual plots seems there- 
fore difficult to explain unless it was due to lateness of the 
crop. 

From the above facts it would appear that Sohcenobnis 
bipunctife?^ and Chilo siMflex, the former especially, are 
more important than other borers in rice. The* combined 
effects of damage by borers in rice, however, in Bihar and 
possibly in Bengal, does not seem to amount to very serious 
proportions although even a los's of 4 or 5 per cent, in the 
case of an extensive crop such as rice becomes a noteworthy 
sum when expressed in money value. In the case of other 
parts of India, notably Madras and Bombay, the damage 
to rice by borers appears to be much greater, so far as we 
have definite figures, but it would be very desirable to obtain 
more exact information. Even taking the annual loss by 
borers at only 5 per cent, for the wdiole of India we find the 
annual loss to be approximately four thousand seven hun- 
dred millions of pounds of rice annually, and this figure 
may probably be at least doubled when we consider the 
total losses due to all rice-pests in India. 

The TIalticine Chrysomelid beetle (C. S. 204‘3), men- 
tioned ill last year’s report, has been observed to occur largely 
on clima {Panicum miliaceu^n). It is incapable of injuring 
plants standing in water but may cause some damage to 
dry-land paddy and millets. 

Sugarcane. Work was continued on the borers of 
sugarcane and other cereals and also on other agents of 
damage to these crops which produce effects similar to those 
caused by the borers. The results obtained up to February 
1919 have been incorporated in a paper by the present writer 
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and Mr. C. C. Ghosh, read at the Third Entoif]olo*.(i{!.‘i! 

Meeting, iirid which is. still in the press. Since (hen ivn- 
siderable fnidheiMnfo'mation has been col h'cted and hr\>A‘ 
notes on tlie more important points only ean lx* given iiere; 
it is intended to wiite up these ihiTther rc'sniis inni'e lid'iv 
in a separate paper. . ' 

As ascertained by observations extending over tiie last 
four years at Pusa, the principal damage to (lie sugas'eaiu^ 
crop occurs in the early stages of its growth in A pill, May 
and June, when the climatic conditions at ihisa, arc (‘ha,rac- 
terized by high temperature, very low humidity (at. least 
for the earlier portion of thiKS period) and seatdim'.ss or 
absence of rainfall. The incidence of attack by ius^ad ]H.'st.s 
is apparently correlated with climatic conditions. Ihuonr- 
able climatic conditions, eiuibling the eroj) to grow rapidly, 
have a great effect in controlling the activities oj' lli(‘ pcrds, 
the crop in such cases easily outgrowing their* att;n‘k. Hiii. 
with unfavourable climatic conditions, especia,il)’ (Ironghl. 
and want of moisture in tlie soil (and it must l)c reincmixM*- 
ed that sugarcane is not grown as an irriga,ted croj) i n i,!iese 
parts), the insects get the upper liand and owing to want oi' 
growth and tillering on tlie part of 1.1 ic plant.s th:* Ins.s 
caused by their attack is not corn pen srd.ed Ihr, tiir r('sii!(, 
being that the percentage of damage, lux •(>iues very higb. 

In 1920 the sugarcane was planted as usiml about tin* rid dtlh* 
of February but, in contrast to previous years, (his was hme 
after irrigating the, land in. order to sceiii’c [n-oper iiHiislurc. 

No further irrigation was done a,nd (Iiim*(' was tin raiii 'i 

worth Tueutioning until the middle of Jinu*. In ;\p-i’i! (Jie 
dama.ge in some of [lie thick canes a,t Pusa was as bign as 
ten pel* cent., whilst at Coimbatore and n('bbai (iMysortj 
similar canes, altliougli planted about the sa.iJie tiim^ as Inil 
far more advanced in growth than the canes at. Piisa. ha . dly 
exhibited any damage except a few occasional deavl-luan (,s 
here and there. The sngarcanes at Mamjri, planled t'ai'lier 
and grown under irrigation, were certainly m>t a.s good as 
the Coinibat'orc and Hebbad canes either in gi*ow(h or as rn 
gards infestation by borers. The damage "a.! )oiit this 


■i 
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ill juar (Androfog on Sorghum) and maize at Pnsa was less 
than 0'5 per cent. 

The correlation between damage to cane by borers (and 
similar agents) and climatic conditions seems to hold good 
in the case of all varieties of cane, thick as well as thin, but 
thin varieties show a greater immunity than thick ones. 
This will be evident from the following figures showing the 
percentage of damage in a few varieties of canes grown at 
Pnsa this year : — 


VAKIEI’T. 

Date 

Per- 

centage 

Date 

Percont- 
age dam- 

Date 

Pereent- 
ago dam- 

Date 

Percent- 
age dam- 

Date Percent- 
age dam- 

Name 

Typo 


damage 


ago. 


age. 


age 

age 

lle.oru 

\’cry thin 

29-ni 

2-0 

7-IV 

1-3 

26-IV 

4-3 

It-lS-IV 4*7 

11-19-VI 13*2 

MnijcTia 

Medium . 



8-IV 

3-1 

27-IV 

10-3 

13-Y 

12* .5 

5-VI 18*1 

Purjjlit Mau- 
ritius. 

HiiUv . 



7-IV 

f)-8 

27-IV 

10-9 

13-V 

24*2 

9-VI ■ 37-2 

Sathi :i;il (ex- 
pcirimculal 
plot) 

Thick . 

2!)-iri 


8-IV 

PI 

25-IV^ 

= 9-9 

11-12-V 

32*4 

20-22-VI 29*3 

Sail 11 .i:)l 

(ii'arin 
plot) 

Thick . 



7-IV 


27-IV 

9*3 

13-V 

20*5 

7-VI 25*4 


So far a.s germination was concerned, both the plots of 
Sathi 131 were very good and ahead of the other varieties, 
but this advantage was only maintained so long as the soil 
retained moisture from the irrigation done at the time of 
p'iaiitirig, and when overtaken by the drought these plots 
collapsed. All the affected shoots in the experimental plot 
of Sathi 131 were cut out on 25th April but the subsequent 
state of infestation shows clearly that this treatment wuis 
of no a.va,il to reduce the percentage of attack. . 

Til in varieties of cane also seem more resistant to 
ti rough In tlie first week of June the plot of Reora pre- 

» All Ihti vilfcctiid jiliviita weru (•■nfc o\it with pruning scissors al)ove the Ip.vel of the grnmid so as to 
MUsc the least iliritiiibuncc to the plants. 




74 SCIENTIFIC REPOETS OF THE AG-EiaUI/n)Rx\!. EESlUllCl! 

seated the greenest look of all the varieties, thick as well 
as thill. Next to this canie the following iir oiuhn- of Ih.eii 
drought-resisting qualities, so far as could lie jiulgiMl h} 
the eye, Java 36, CO 210, Kiissiir, Tobe ( '( ) 2i u nd 

CO 214, 00 204, CO 205 and other varietit's of iJiiu cjincs. 
All the thick varieties, inclLiding Sathi 131, Cii rph' Maind 
tins and D 99 American, exhibited a s<' 0 ]*('he(l y{dlo\\ 
appearance and in all these plots dea<l~h('a.rts ami di'y 
shoots were prominent. Damage by borers and simihir 
agents increased with the decrease in drought-resisting 
quality of the different varieties. The first heavy shower 
of rain fell on 18th June and was followed by otlier 
showers. By the end of the year’ under repoi’t (30tl i .1 line) 
all the thin varieties had made good jirogress, but in the 
case of the thick varieties progress was extremely slow and 
it seemed that they would take a long time t<') recover froin 
the effects of the drought. The above facts indicate tire 
suitability of particular varieties of sugarca,iie to fia rf icula.r 
areas according to differences in local cliniatic conditions. 
Severity or otherwise of attack by borers seems to be inti- 
mately connected with this fact. Extended observaiions 
over difi’erent parts of India a, re required to throw iigbt. on 
this point and to enable us to arrive at definite conclusions. 

Another point which requires similar extended oliserva- 
tion is the pest-resisting qualities of different varieties of* 
sugarcane. As a rule, thin varieties seem to be mure 
resistant than thick varietievS, but individual varielic’s, both, 
of thick and thin canes, show different degrees of immiinity. 
At Cuttack in December 1919, Minzo, a thin variely, hiu! 
all the principal pests, mz., Scirfoi^haga \mnilio(ja..stre/la, 
Diatrwa aw'icilia and D. venosaM>, 'whilst Balhi, smother 
thin variety, was practically free. Observations inside 
about this time at Pusa,, Cuttack and Cliinsurah indicated 
a greater lisibility to fungal diseases on the ])art of Pui’plc 
Mauritius than in tlie case of other thick I'siriefins. A 
variety known as B. 3412 was observed to bo very Issidly 
affected by smut sit Cliinsurah, whilst all other varieties 
growing there were completely free from this disease. 
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. A third point which requires working out is the effect 
of the presence or absence of alternative foodplants. 
Instances have been given in the preliminary paper on Cane- 
borers of such effect in the cases of ScirfOfJiaga and the 
Noctidd larva (C. S. 1666) in sugarcane and of Chila 
swifleo) in rice. A notable instance which came under 
observation this year was the occurrence of TJiatrma 
venosat/i as a regular pest in sugarcane at Cuttack, where 
no juar {Androfogon Sorghum) is grown and hardly any 
Saccharum spontaneum is present. At Pusa D. venosaia 
occurs very commonly in S. sfontaneiim. and in juar but 
rarely in sugarcane. 

As a first step in dealing with the control of the borer 
pests of sugarcane we iinist take into consideration (1) the 
suitability or otherwise of the cane itself to the climatic 
condition s of the locality where it is grown, (2) the habits of 
the cane, especially its capacity for tillering during the 
early stages of its growth, as varieties which tiller well 
show much greater immunity than those in which tillering, 
is poor, (3) the drought-resisting qualities of the canes, 
especially in the case of tracts Avhere irrigation is not 
practised, (4) the natural immunity of the canes against 
pests and diseases, (5) the effect of the presence and absence' 
of alternative foodplants of the different borers, as well as 
(6) the discrimination and life-histories (in the fullest sense 
of the word) of the borers themselves. All the above points 
are not applicable to any one particular locality, as coiidi- 
tioris vary locally, but they clearly indicate the need for a 
wiiole-time worker, to devote his attention to sugarcane 
pests only. In order to arrive at successful results in the 
control of these pests he should include the whole of India 
within the sphere of his observation and experiment. In 
my suggestions for expansion of entomological work in 
India I have already pointed out the necessity for one whole- 
time expert to wmrk at the question of borers and, when it . 
is realized that a loss of ten per cent, of this crop (and this, 
is probably not an excessive figure for India as a whole) 
means an annual loss of about three hundred milliGiis of 
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rupees, it \¥ill probably be conceded tha,t tbere is a.iuplo 
justification for an increase of staff to take up this n^orlt. 

Ill tlie course of tbe last four years diiriug widc-f! 
especial attention lias been paid to the insect ]iesi-s of 
sugarcane, the Scolytid borer, Kylehorus -performis, W^ill 
(Plate IV), lias only been observed once, in December 
in a variety of cane called B, 147, which was growing on 
the Cliinsurali Farm. This beetle came into proiniiUMui^ 
■•over thirty years agu in connection with the destruction of 
beer-casks shipped to India and was investigated In 

W. F. H. Blandford, who considered X. affinis\ <itla(Tdng 
sugarcane in the West Indies, as a variety of X. por/onuis. 
In 1900 Si X'l/lehorus was reported as bmlng sugarcane in 
Bengal and was considered to be either identical wiili, or 
closely allied to, X. ferforam. In 1892 llils beet le fonned 
the subject-matter of a warning letter issmal by llic JhnTnine 
and Agriculture Department of the GoviMninont, of Jmlia, 
which stated that this pest, notorious in tli(‘ West Indies 
as a pest of sugarcane, had already been iiit,i'odiu*ed into 
India and therefore advised the adtiption of nu^a.siu'cs 
-against its spread. Its occurrence on the Chinsurah .ihirm., 
where it was found breeding in. three fully-grown i‘am‘s 
growing in a clump, the canes being pi -acti cal! y dry and 
showing characteristic holes emitting dust in their Itjisai 
joints, indicates that this shot-hole borer may perhaps 
prove to be an occasional pest of cane, possibly more i’ln- 
quently than has been noted by lis. In Indhm Museviu 
Notes, Vol. V, p. 74, it is recorded as having been found in 
cane in numerous districts in Bihar and Bengal. 

X. perforans is widely distributed in India and Burma and 
has been recorded as boring in sal {Shorea rohvsia), Auo- 
■geissiis latifolia and Arem catechu. 

Mention was made in last ye<ar's Itejxirt of tfirnc* 
of: Dyiiastiae beclles wiiicK occurred on tlic Kamriip Sngan*- 
cane Farm in A])ril-Ma,y 1919, viz., A lissiyii<>t'ti.iii impress i 
colie (Plates V a:mi VI), /!. piccwni, and ilclcroir/irh ,>y 
sublcevis. A.ilempts were made during the year {o work 
out their lull lilAlristo^D^^ in the Pusa lusct'tary wilh. 





Alissonotum im pressieolJe (C. S. 1949 

a, Egg freshly laid ('.( 4). 

1), Developed egg before hatching 4). 
e, Newly hatched larva ( ' •: 4). 

d. Full-grown larva ( :<2l), 

e, Spines on the ventral surPaee of posterior extremity of 
/', Pupa {;< 2i). 




liN » 111 u lii,, if u »A, 1' uii, lyiy-iau 


living specimens, brought from Kamrup. Success was only 
obtained with the first-named species. The adult beetles 
rested in the soil, without taking any food so far as could ■ 
be observed, until October-Noveniber, when eggs were laid.. 
TJ:ie resultant grubs were reared on roots of maize growing 
ill earth mixed with farmyard manure. The grubs did 
liardly any damage to the maize plants and seemed to feed 
mostly on the manure. They fed from November to^ March 
and developed into beetles in April. This species has 
therefore only one generation in the year but, unlike most 
cockchafers, the grubs are active during the winter. 
Alissonotum fleeum most probably has a, similar life- 
history. Only a few beetles were av?.,ilable to start the 
work and these rested in the adult stage, like those of i 
A . im/pressicolle, one living until October ; but no eggs were 
obta/ined. Of Heteronifclms suMcevis only one beetle was 
available for tlie work, wdiicli failed. The adult beetles of 
tliese three species were observed to appear a,t Kamrtip in ■ 
Apii.l 1919, and in last year’s report it ivas stated, on .the' 
strength of our experience with Scaralreid beetles generally,, 
tiia/b their emergence was dela,yed ov/ing to the drought 
whi,(,!li pi'evailed at Kamrup in February and March. But. 
now :it a]')pea,rs, pieBumiug that .the beetles reared at Piisa 
emerged, at their .ua.tural time, that April may be the 
normal, time for their appearance, .zkccording to the obs'er- 
va.tioiis of Mr. S. R, Gupta, Entomological Assistant, Assam., 
who has observed it at Kamrup, the adult beetles emerge' 
from the latter part of March until the end of. ikpril, and 
grnSis .are found f.rom June to January, and pupai in 
Febrimi'v; it does not appear,. Iiowever, that these grubs 
'Aau“(^ a(‘tua,iiy bred out. As indicated in last year's Repoi’t, 
the beetles occur at Kamrup every year, breeding in large 
jiUiubei's, their grubs finding plenty of food in the rich 
Immus (U’er the extensive areas under ‘wild grasses all around 
ilu' Sugaiaaiue Farm, but in normal years it is not con- 
sidered tl,ia.t they are likely to do any extensive damage to 
siiga.rcane. This is corroborated by the experience of 
1!I20, wlicii the beetles occurred but did not cause serious- 
dama.,ge. With unfavourable climatic conditions, as iii' 
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1919/ however, they may cause damage mrless they ero! oo 
forestalled by a change in the planting l.ime and a iso 
•changes in the methods of cultivation so a,s to a. void tht‘ ill 
•effects of drought on the setts lying in the ginuml. i n iJiis 
connection it may be observed that the whole, oj' ihv loss 
sustained at Kamriip in 1919 wasniot attributable l(» i\n^m 
beetles; a very careful examination of all the plots, madi^ 
at the time, showed that the beetles were not responsible 
for a loss of more than about 20 per cent, ot; tite (vro]). I'lm 
failure of setts to sprout owing to unfavourable cfiinn.tlc, 
conditions could not be ascribed to the beetles. Ihirther 
details of life-histories of these beetles, and especially the 
• question of their normal control by natural enemies, can 
only be settled by further iuvestigatioris on tlie '8i)ot. 

In March 1020 a few specimens of Autoseriai s|). w(*rc 
observed gnawing suga-reane slioots ai, Pnsii. in tlu^ s<inu‘. 
manner fis tlie Dyimstine beetles n,t Ivamrup. if; appcjirs 
that this form of dn.mage is possible by many Sc;irab;eld 
beetles. 

In September 1919 the Entomological Assistant, Assa.m, 
collected some grubs of A wrmala, dussumAeri (Ida.io' X'f l . 
fig, 1) aniongst sugarcane roots at Ka.mru|.) find son!; i.liern 
to Pusa. The grulis were rearerl uj) and vverc iVmnd to 
hibernate as larvm, and puiiated and eiiu rged as a dull, 
beetles in April. Apparently therefort^ this beetle luis 
only one generation in tlie year. 

Tanymecus hispidus (CnreulionidaO was sen!., in 
Kamrup as attacking young sugarcane shoots in AyrriL 

Argyria tumidicostaMs, Tlmpsn., (hts borer referred (o 
in the Report fo.r 1917-18 ai C. S. 1010, which is one of tlie 
most injurious of all the borers in snga.rea,ne, was found in 
May 1920 in cane at Sadiya, in lj})per .A.ssa,ni, a,!i of a 
number of cane-borers collected there proving do belong- to 
this species, which is now known to occur a t Palma., dorhat, 
Dacca and Sadiya. It is to be hoped tha.t it will not be 
introduced into other parts of India, a, ml too giaait precjiu- 
ti on s cannot be taken to prevent its transjanf in omn'x 
exported from Assam and Eastern Rengal into ofher parts 
•of India. 








Hew borers discovered during the year in gramineous 
and cyperaceous plants included : — 

(1) Hyfsotro'pa teiminerxiella^ Rag, (Pyralid^; C. S. 

1920), in stem of Androfogon squarrosus at 
Pusa. This has also been reared from the bulb 
of Roska grass (Cym'bo2)ogon sclicenanthus) by 
the Porest Zoologist. 

(2) Cramhus corticellus, Hmpsn. (Pyralidse ; C, S. 

2007), in stem oi Scirf us corynibosus at Hagpur, 
where it was found by Mr. J. L. Khare. 

(3) Chilo torrentellus, M.eyn. (Pyralid^; C. S. 2027), 

in stem of SacGharum sfonianeum at Pusa. 
This was reared successfully this year after 
unsuccessful attempts during the last three 
years. 

(4) Lychrosis zehrinus (Cerainbycidre ; C. S. 2010), in 

stem of Saccharum sfontaneum, at Pusa. 

The search for alternative foodplants of borers in 
sugarcane!, etc., yvas continued and the following of 
importance may be mentioned 

(1) Coioo lacliryma-jo'bi var. aquatica as a foodplant 

of Chilo siniflex on the Farm at Cuttack. 

(2) Lemon-grass as a foodplant of Sesamia inferens 

at Pusa. 

Br achy try qjes fortentosus {acJiatimis) (Gryllicte) did 
some damage to cane at Pusa in June, cutting the shoots 
practically level with the ground; but these shoots grew 
again and practically none of them died. 

Mulberry. Frequent reports have been received from 
Bengal regarding the damage done by Phenacoccus 
hirsutus, the mealy-bug scale-insect which is ®the cause, of 
'' TuJcraP Collection of alternative foodplants showed 
that this scale was very common at Pusa on cotton and 
guava. From colonies on cotton many adults of the Cecido- 
myiad fly, Diadiplosis indica, Felt, wdiich is predaceous 
on the egg-masses and adult females, were bred out and 
liberated to mark the efeot of the predator. The Droso- 
philid fly, Gitonides fers'picaoo, Knab, was also found last 
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year to be one of the predators that keeps tfiis fiieuJy-hiig 
ill check to some extent. Hitherto ” has been 
mostly reported from Bengal but it is |)Ossiblc ilia.t !ms 
become widely distributed with mulberry miiting's scsit o^ut 
‘ from infested localities. A .Memoir o:n I'ukra'' .is in 
course of preparation by Mr. ( b S. .Misra,. 

Fruit Pests. Considerable material iia,s l>e(*n asTo- 
mulated logaiMing insect pests of fruit tree's, Imiii eoiliM'U'o 
locally and sent in by correspondents all over Tiidia seeking 
for ideiitificatioiis and advice. 

Frequent reports w^ere received from correspoiuleiiis 
Tirliut concerning Batocera ruhus, a Lamiad beetle, which 
bores in mango trees iii its larval stage. 

The Ck.'ci(loiiiyiad fly whicii makes galls on iuango leaves 
and which was ligiu'ed in last yca.r’s li.eport (tub. I X', fig. 2) 
has been identified by J’r(d'ess(U* F, f.b .S.uiltas Bro(u)hi(rnn-iM 
niatteimia, Ki offer and C-ocooni. 

Chmtoda,<ius aoiimI'iis (Try}.)jiiici(!;e) was (IcstriK'ti ve to 
Peach fruits at Pusa. iu May- June. The t,recH were 
sprayed, ea,rly in the luorning each da.}’, with ;i soiutioii 
of and lead arsenate, to <l(vslroy tlie adult Icmah' Hitjs.. 
and the attacked friiits vere collected ami destroyed. 

The weevil rc'daued to in hist yea, I’V. A nimal ih‘po!'l (page 
92) as l)clmdu(jii((tin(S n, Sj)., shonhl liave b<‘<'ii ca,lfe<J 
Deiradolcvb- ii. sp., a, ml the necessary (torrections stsimld |)c 
made. 

The undetermined Splringid found on a|>|>}o at. Shillong 
and referred to on page 95 of last year’s Rejiorl has si i see 
been determined as Langia. zeimercddes from specimens 
reared at Slillong by Major F. B. fScott. 

The larva referred to on page 95 of last yea r’s R('f;orL„ 
as attacking apple fruits at Ramgarh, has since been reared 
in some numbers from material kindly supplied by Mr. 
Johoson, of Ramgarh, and proves to be a Tordi-icid, wliieh- 
Mr. B. Meyrick has named as Gacmcia foiarDDnu, n. sp. 
Figures of the stages of this insect will be fonml in FtiIo- 
mologkal Memoir, Vol. VI, Part 9, tab. LVl'l i, (ig. i. 



Aiioi/Iier Tortricid. larva has been found to bore intf> 
apple Iriiits at Shillong but can hardly be described as a 
pest, as it, is not common' as an apple-borer and seems 
merely to excarate a small chamber in the core without 
iiijiifiog the pulp of the fruit. This is the larva of 
JJlodemis triffraq)ha, Meyr, 'which has also been reared at 
Shi Hong from a larva feeding on flowers of Colquhminia 
coGcdnecL The stages of this species also will be found 
figured in Entomological Memoir, VoL VI. Part 9, tab. 
LVIII, fig. 2. 

A new and serious apple-pest was found at Shillong in 
October 1919 in Ptochoryotis rosaria, Meyr., a Xyloryctid 
moth whose red larva eats the bark of imimg apple twigs 
under cover of a silken tubular gallery. This insect has 
hitherto been known only from Bhutan. From a larva 
brought to Pusa tlie moth emerged in March. At Shillong 
the niotlis probably a.ppear later in the year, as there seems 
to be only one brood on apple armually. The stages of this 
pest also are figured in Entomological Memoir, Vol. VI, 
Part 9, tab. LXIII, fig. 1. " ^ . 

All interesting and unexpected find on apple at Shillong 
■ ill May and June, 1920, was Helopeltis theivora, the so- 
called Tea Mosquito ” bug, which in this case was found 
sucking young shoots of apple. 

Specimens of Brahmina coriacea, Hope, ■ H.olotrichia 
sp., and of a third imdetennined Mel olonthiiie' beetle were 
received from the Superintendent of the Knmaoii Govern- 
ment Gardens, Ranikhet, as daina-ging fruit trees. 
Another Meloionthine, a species of ■ Microtrichia, was 
received from Solan as damaging fruit-trees. 

Life-liistories of Insects. , Besides the various insects 
naraed above, more than 150 diflerent lots of insects have 
been reared during the year and observations made on life- 
histories and habits. In a Report of this nature it is only 
possible to mention a few of these even by name. 

(1) Achroia grisella, Fo. (Galleriadse) (Plate VII, fig. 
2). During the last two years this wax-moth has occurred 
regularly at Pusa in hives occupied by the Indian Bee 

■ ■ . G 
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{Afis indica) and proved destructive to a number of old 
stored combs. The caterpillar feeds on wax as well a.s on 
the debris that collects in a hive and even nibbh^.s tiie fcdi 
blankets which are kept over the top of the frames. IL 
also feeds on dry propolis, a,nd seems, to be a s(*a,ven.t»or 
under natural conditions. 

(2) ChhmeMa tmnsversa (hjoctiiidm; (b S. IhOd). Tlie 
larvae bore into mango shoots but can feed on tlie heaves 
also'. 

(3) Camponotus mactilattis infusems (Formieidfv; (b S. 
1983). These black ants were observed to nibble the tender 
shoots, leaf -stalks and leaves of hrinjal at Piisa in Nowmi- 
ber. The shoots and leaves so attacked withered. In ibis 
way tliese ants may be a minor pest under favoiirabli* rcnnii- 
tions. 

ivquaUs (Bostryeiiidae; (b S. 
2023) (Plate VIII). This (Iry-wood Ixirer was reeiivcMi in 
September from Deolali where bully ra,ftcrs were, being 
destroyed by it. The grubs fed ainl developed and emerged 
as beetles in May-June and the. in.sect seems to iiave only 
one generation in the yea.r. 

(5) Sinoxylon anale (Bostrychidm) (Phitc IX, iig. 1). 
'Specimens of this specios also were receivinl Ib-oin tlie 
Assistant Controller of Textile Btoies, Bomba, y, as daniag- 
iiig articles made of wood, e.g., pai-kiiig ease.,s, hamlles of 
brushes, etc. 

(6) St/ivmMiuvi harhatuni (Cerainbycidm). Jtggs of 
this Longicorn beetle were obtained at i.hisa, in Jniio I II I 7 
and the larval have been feeding now for three years in dry 
wood, no adults having emerged so far. This larva is a 
common wood-borer in household furnitni'e an<] may 
evidently have a prolonged existence in the larva, I si ago 
under dry conditions. 

(7) A gratis ypsilon, A. flammatra and Euxon spinJ [era, 
-occurred in the gram fields at Pusa about March in pr-ict i- 
eaiiy equal numbers. Opportunity was taken to pmpa re a 
coloured plate showing the life-history of Agroih flim,- 
matra. 




Heterobostryehus aequalis (C. S. 1248) 

, Larva, natural size and magnified ( x 61). 

, Pupa, ,, .. >> ” ” . 

Beetle, female, natural size and magnified ( x 




PLATE IX 



Fig. I, SInoxylon anale (C. S. 1247). 

a, Lat’va ( x 14) ; b, Beetle ( x 13), 

(The smallei’ figures show the natural sizes.) 
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Fig. 2. Coreyra eephaloniea (C. S. 1979). 

t, Caterpillar (x 7) ; b, e, Pupa, lateral and dorsal views (x7) ; d, Moth ( x7). 
(The smaller figures show the natural sizes.) 
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(8) Juar {Androfogon Sorghum) heads, affected by 
what is known as hlias {i.e., sterility) disease in Sind, were 
received through the Assistant Professor of Entomolog}" at 
Poona. This disease is believed to be due to a minute Ceci- 
domyiad fly. The affected spikelets do not form any grain 
.and in this particular case many of the aborted growths in 
the spikelets exhibited a minute hole in their glumes 
through which the adult insect had apparently emerged. 
Many of those which did not show such a hole contained 
,a minute red grub, but nothing could be reared out from 
these. It seems, however, probable that khas is due to a 
Cecidomyiad. 

These juar heads contained some fully-fornied grains, 
all of which ivere afthcted by Sitotroga cerealella, a small 
Gelechiad moth commonly found in granaries. It vras, 
however, impossible to determine whether infection had 
.taken place in the fields. 

On the same heads a few caterpillars of Corcyra 
ce/plialonica> (Galleriadae ; C. S. 1979) (Plate IX, fig. 2), 
another but less injurious granary pest, were found binding 
the grains together with silk and nibhling them. In this 
case also it was impossible to determine whether infection 
had taken place in the fields. 

A new species of Antispila (Heliozelidso) was sent in by 
Mrs. Drake, of Serampore, Bengal, as feeding on Eugenia 
jambolana. Specimens wure reared at Pnsa from the 
material received and have been named by Mr. E. Meyrick 
as Antispila anna,, n. sp. (Plate X), 

Stored Grain Pests. The results of our long series of 
experiments and the details of the successful method of 
storage under sand evolved therefrom for the storage of 
grains have been fully described in a paper, by the present 
writer and Mr. C. C. Ghosh, in the Proceedings of the 
Third Entomological Meeting, now in the press. Further 
work was continued during the year, especially wdth a view 
to finding out whether there is any infestation in the fields 
and, if so, to what extent. For this purpose samples of 
ripe ears of wheat and barley were collected from various 
fields on the Farm and are now under observation. 


g2 
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The Board of Agriculture, at their Meeting in Decem- 
ber 1919, .recommended that the problems of grain stoi’ago, 
with especial reference to the question of damage by 
■ ill sect pests, slioiild be taken up on a largo scale and tiia- 
the sta.ff of the Imperial Entomologist should be increased 
for this purpose. Proposals for an increased staii have? 
been included in my general propO'Sals for expa.nsiou 
en tomological work in India.. 

Tfogodernm khapra (Derinestidm) w-as uede,!' observa ■ 
tion to ascertain its behaviour and seasonal history at Piisa. 
A long cycle occupied the wdiole period from end of June- 
1919 to March- April 1920. The moist weather during the 
Eaiiis and the cold weather in the winter retarded the 
development of the larvm. 

IV. Bees, Lac and Silk. 

Bees. No special work was done with bees exinpt 
'carrying on a few -colonies of Apisindioa. ,A .number of 
improved hives were supplied to inquirers in various Pro 
viiices. 

As rioited above, Acliroia grisella ha,s now to 1 :k> added 
to the list of enemies against which tlie bee-keeper lias ■|.;o 
contend. ’ ■ ' ' 

P.roposaIs Iiave been forwarded for the entry oi‘ a, bee-' 
keeping expert i:n order to develop) tliis in.i|')orta.i.!t lira'iieli 
• of Applied Entomology. 

Proposals fo.r legislation to restrict tfie iniportatioii of 
bees into India, with a view to avoid the imjiortnJ'.ion rd‘ 
bee-diseases, are now before the Government of Indie... 

Lae. The emergence of I'ae larva?, took place nt Pnse, 
on 29th October, 1919, and SOth June, 1920, t()c In-tter ’neisig 
a very 'uiiusuaily late date. Broodlao was sent to th-e Guv- 
ernment Entomologist, Coimbatore, to the Sviperintt-mdcmt 
of the Agiicultural Farm, Ratnagiri, to Gwa/lior, Lya'i^jur 
and Mymensingh. There is a great demand for* brc^'xlla.c., 
wliicli caivoot be met from Pusa. 

Mr. (\ S. Misra, First Assistant, visited B]in]){il Rtnt.c 
in December 1919 to advise regarding steps to be taken to 
develop) the lac industry there. ? 
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Tlie second edition of the Bulletin on ’£ac Giiltiire in ■ 
the Plains of India has been exhausted and a third edition 
is in preparation. 

During the year several inquiries were received from 
Bengal regarding any possible connection between the pre- 
sence of lac insects and pebrine in silkworms. Specimens 
of lac insects, received from Malda and Berliampore, did 
not reveal, the presence of any pebrine bodies in the female 
insects and it is not considered likely that lac insects will 
be found to be affected by pebrine, but experiments on this 
line are being started. In this connection it may be noted 
that both lac and silkworms have been cultivated success- 
fully at Piisa for more than ten years, which seems to 
dispose of the superstition current in the silkworm rearing 
districts of Bengal that cocoon crops cannot be successful 
if lac and silkworms be grown in the same place. The 
price of lac has advanced so much recently, having gone tip 
to practically ten times the pre-war rates, that the question 
of lac-production in India has become one of no small 
economic importance. 

Silk. The sericultural establishment is still on a tem- 
poraiy footing which has been extended up to 31st March, 
1921. In the meantime experiments on mongrelizatioii of 
mulberry silkworms have been continued to see whether the 
mongrel races will continue to giye silk superior in quality 
and quantity to. that of the indigenous multivoltine races, 
it will take some time to arrive at definite coiicliisioiis 
regarding the results of these experiments. 

TJnivoltine races of Bengal, China, Japan and France, 
and their hybrids, vvere sent for cold storage to Guindy, 
Muktesar and Shillong, and were successfully reared at 
Pusa in Ootober-November and i-ii February-March. Tasar 
worms were reared .in captivit}^ as well as : on trees, and 
their diseases were studied. 

Mulberry silkworm eggs have been ■ supplied.- to 69 ap- 
plicants and mulberry seeds and cuttings to- 26 applicants, 
including the Director of Industries, Assam, the Siiperiii- 
:tendeiit of the Northern Shan States, -the Director 0.1 
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Agriculture, Bengal, , and the Silk .Diipa.Ptiiu'nts ul 
Travancore, Gwalior, Indore and Ba,ngana{){ili(^ Si ales,. 
Eri silkworm, eggs have. been snppiicd to 91, and casioi 
seeds to 5 applicants, including correspon deni, s in da|ja,!5, 
Egypt and England, Three Piisa Twisting Machines n\('!v 
supplied to the Diroclorof .ln<lusti’.ies, Assaan, the I )irecj nr 
of Sericulture, Patiala, and the Tyler W,ea,ving Scluxil, 
Sliahjahaiipur. Two rearers and one rcebn- were scnO- tO' 
the Superintendent of the Northern Shan Stafes, a ml o.ne 
reeler and one rearer to the Assistant llegisli'ar oT 
operative Societies, Lower Burma, to assist t.he seriiail tns’al 
industry in Burma. Show-cases showing stages in ilu’ 
preparation of eri and mulberry silk were sent to (lie 
Deputy Collector on special silk 'duty, Benares, a,n(l in tb.c 
Curator of the Victoria Museum, .Karachi, Numerous 
inquiries regarding sericulture wei’e dealt with and 
assistance gic%n to inquirers as far as |>ossib!e. Si Ik: 
pieces to the value of Rs. IduKl-O-O were sold and the j)ro- 
ceeds credited to Government and a fuifhei' Rs. 468- PI 0 
worth of pieces were made and kept as sa,mpl,es. 

Silk exhibits to demonstrate rearing, r(‘(ding, twistirig, 
spinning and reversing were sent to Calcuita, a.ml Ikuikipm ’ 
in connection with the Peace Day Celehratiou Exhibit inns, 
and a silver medal was awarded by the latlei' Kxhil)itio!i. 
Silk exhibits were also sent to Exhibitions at Dnao, ( 'hitta- 
gong and Muzalfarpiir. , 

A Bengali version of Bulletin No. 74, on tlu^ (Cvpi'.ri 
merits carried out at Ptisa to improve the Silk Imlushy,. 
was published. 

Three students completed the course in sericulture am! 
two others remained under training at the end of the year. 
Two students from the Sabour Agricultural College were 
also given some instruction in sericulture. 

V. Illustrations. 

Coloured pla,tes illustrating the life-histories of the 
following insects wmre prepared during the year, nz., 
A gratis flammatm and CosmofMlct sahulifera, A large 
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number of colour-notes of Indian Odonata was also done. 
Besides these, about two hundijed illustrations in black and 
white, illustrating the life-histories of various insects 
reared in the Insectary, were also prepared. 

A large number of coloured plates and black and wiiitle 
illustrations are now in the press in connection with the 
Proceedings of the Third Entomological Meeting and 
various Memoirs and Bulletins. 

VI. Miscellaneous. 

Gorrespondeiice. A total of 60 parcels of specimens,, 
mostly of crop-pests, was received during the year for 
identification and advice, whilst 800 letters were received 
and 1,088 issued ; these numbers show a slight decrease on 
previous years but are exclusive of a large amount of 
routine correspondence which takes up a considerable pro- 
portion of time which should be devoted to more scientific 
work- 

VII. Insect Survey. 

Steady progress has been made in addition to, and 
arrangement and identification of, the collection which is 
DOW a large and important one and continues to expand 
at a rapid rate. In view of the great value of this collec- 
tion, both from an economic and systematic point of view,, 
to future students of Indian Entomology, every effort is 
made for ■ the proper preservation of the large mass of 
specimens, a task which is by no means easy in a climate 
such as that of Pusa. This year, for example, owing to the 
abnormal heat in June, the paraffin- wax in the store-boxes; 
inelted. The more irreplaceable portions of the collection 
and those liable to most damage from mould are therefore 
being placed in cabinets which are being obtained as 
rapidly as possible. The staff required for the upkeep’ 
(which includes the sorting and identification, as well as 
the mere ]3 reservation, of the lakhs of specimens already 
accumulated and of the thousands received every year) has 
not been increased since a time, many years ago, when the 
collection was comparatively quite small ; yet this work is 
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coiistaiitly' expanding and has already become very hea/vy, 
althoiigii' this is only one branch of 'the activities of tlK‘, 
Entomological Section. 

Diiriiig the year small lots of Ichmmmoiiidrc, 1 enliiS’cv 
diiiid^e and Bees have been returned na.med atfcr c.xaniiu- 
ation by Messrs. Morley, Eoliwer and Proressor P'ocKereil 
respectively. The collection of HyinciK^picra, is iu gnod 
order and well named up except for tlu'. .Braco’didre and 
Chalcidoidea. 

The collection of Coleoptera is in fair order but tliere 
is a large amount of unnamed material to be sorted out, 
named and incorporated. The Bruchida? sent to i)r. 

G, A. K, Marshall have been returned, partially nn,mcd, and 
a few Curculionidae have also been received back, {)a,iu(Mh 
from Dr. Marshall. Staphylinida^ were received ba<'k, 
named, from Di*. M. Gameron a.nd Carabidai ii’oin Mr. 

H. E. Andrewes. A small lot of Cioiadciida^ seal In Mr. 

B. W. Kemp was received back unnamed. Of] of 

the “Fauna” volume on Hispinm and ( /assi<lina‘, I In*, oec'a- 
sioii was taken to revise and narne up the whoh*. nl* ihe 
Hispinas and part of the Cassidinax Ti)e Pa,us.sid{c also, 
ha/ve been revised and identified. 

The Lepidoptera are in fair order but aiaay acecssi<ais 
remain to be incorporated. The .Microinpidopiera, rol!c(‘- 
tion is eontainted in cabinets and is ]»y Far the la.rgt'st 
collection in India; a few speciiriens scat to Mr. 

Meyrick for identification and have beem reocivtal l);ick' 
named. 

The Orthoptera have not been arranged sifux', the Ifri.c] 
W. F. Kirby identified the earlier collections ten ) cars ago. 
Since then a mass of material has accumulated arid armuge- 
jneifts have now been made for it to be worked oves* h\' .Mr. 
Morgan ilebard, of IMiiladelphia;, to whom colh'rliou 
will be sent for study as soon as the necessary box<-s ha\f‘ 
beci] received. 

Tiie hfeiiropte.t‘a (seiisu aMiquo) also require a good tlca l 
of work. The Odonata have been revised duri,f}g ifm L-ist 
year and this portion of the collectioh has been greatly 
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-extended and is now fairly representative of the Indian 
Region. Arrangements have been made with Mr. Esben 
Petersen, of Denmark, to work over the Myrmeleonidee and 
allied groups, and these will be sent to him for study. 

The small collection of Diptera has been studied and 
mostly named up by Mr. E. Bmnetti so far as concerns the 
Nematocera- and Brachycera, but requires considerable 
rearrangement which will, it is hoped, be taken up this cold 
weather. . 

The Rhynchota require a whole-time worker to go over 
the vast accumulation of specimens and reduce them to 
order. Several consignments of Coccids were sent out for 
identification during the year. 

The following collections, sent out in previous years, 
have not jet been returned : — ' ■ 

(i) Histeridas to Mr. G. Lewis. 

(ii) Longicorn beetles to Dr. Gahan. 

(in) Rhynchota to Mr. W. L. Distant. 

(iv) Tetriginse to Dr. J. L. Hancock. 

(v) Aquatic Rhynchota to the late Mr. C. A. Paiva. 

(ri) Hispinse and Cassidinse to Professor S. Maulik. 

Numerous collections of Indian insects have been 
received and named and returned as far as possible. These 
included collections sent by the Forest Research Institute, 
the Provincial Agricultural Departments, the Bombay 
Natural History Society, and by numerous correspondents. 

VIII. Catalogue of Indian Insects. 

At the Third Entomological Meeting, held at Pusa in 
Eebruary 1919, it was resolved that there is considerable 
need of a catalogue of all described Indian Insects with 
complete references to literature concerning them, espe- 
cially that published in India, and a Standing Committee 
was formed to give effect to this resolntion. During the 
past year this work has been pushed on as far as possible 
and I have brought up to date catalogues of all families of 
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Microlepidoptera and ISTeiiroptera, have [>ropai‘e(l new 
catalogues of Pliasmidae, Mantidse, Gryilidie and iliasgo- 
nuridfie, and have supplied references to publica.titms <lurisig 
the year on Indian Insects as regards (lohHtptora,, 
Rhyiichota and Diptera to. Messrs. Beeson, Ainli-ews and 
Senior-White who are respectively responsible I’or Uie,s(‘ 
sections of the general catalogue. The Acrididtc remain 
to be taken up to complete the Orthoptera and it is hoped 
to do this in the near future. 

IX. Programme of. work for 1920-1921. 

3£ajor. 

This will follow generally on the lines of work of tlie 
current year and will include general investigations of 
cro}:)-pests and especially of the pests o:l' siiga t‘ea,iie, rice and 
cotton, of fruit-trees, and stored grain. 

Minor. 

Results in various lines of work require to he writ lei': 
up and published as far as possible. Work arid experi- 
ments in silk, lac, and bee-keeping will ])e eonliniuni and 
new insecticides and insecticidal met hods tested as. 
occasion arises. Systematic work on (mlian inset'Ls will 
be carried out with our resources and the ludp oi' spin-iaiist 
correspondents. The catalogue of India.n insects will 
proceeded with. Advice and assistance will he given as kir 
as possible to Provincial Departments and to all inquirers 
on entomological subjects. 

X. Publications. 

Tlie following publications, either w^ritten by the Piisa 
s-taff or based on material sent from Pusa, liavc licen 
actually issued during the year ended 30th June, 192t) : • 

Brimetii, .E. . . Diptera Bracliycera, Vol. T. (Fauna oj i mUa 

series.) 

Caineroo, M. , . New species of StapbyliiiidiB froin tadia,. 

I. (E'niom. Jfo. June lOtHL) 
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Cockerell, T. D. A'. . Descriptions and records of Bee?. 

LXXXVII. (Ann. Mag. Nat. Hist. (9),, 

lY, 355-360.)' 

Some Indian Bees of tlie geims Andrena. 
(Entom., June 1920.) 

. Bengali edition of Bulletin 74 on the experi- 
ments carried out at Pusa to improTe the 
Silk Industry, 

. Entomological Notes 105, 106, (Fusa Bull.. 
89.) 

, Two new Steplianidie. (Entom,, III, 162- 
163.) . 

. New Indian Gall Midges, (Entl. 

Yol. YII, No. 1.) 

Entomological Notes 102-104, 107-113, 116- 
118, 121-128, 130-145, 147-150, 152, 153, 
157, 158, 160-165, 167, 168, 170, 172, 173,. 
178-180, 182-185, 187, 189, 190, 193, 197,. 
199,200. (Fusa Bull. 9^^.) 

Agricultural Entomology. (Ann. Rep. Bd.. 
Sci. Ada. India^ 1918-19.) 

, Notes on some new and other Indian > 
Dragonflies. (Jonrn. Bomb. Nat. Hist,. 
Boc.) 

Description of a Rhinocyphine larva from 
Shillong. (Entl. Mem., Yol. YII, Ao.. 
2 .) 

Marshall, G. A. K. . Some new injurious Weevils from Asia.. 

(Bull. Ent. Res., IX; July 1919.) 

Maiilik, S. . . Chrysomelidae, Hispinm and Cassidinge. 

(Fauna of British India.) 

Meyriclv, E. . . Exotic Microlepidoptera, Yol. II, pts. 8-10. 

Biamachandra Rao, T. Lantana Insects in India, being the report 
on an inquiry into the efficiency of in- 
digenous insect pests as a check on tho 
spread of Lmifaria in India. (Entl. Mem.,, 
Yol. Y, No. 6.) 

Eoliwer, S. A. . . Three new species of Indian Diynnid para- 

sites of Rice Leaf-hoppers. (Ffoo. U. S.... 
Natl. Mus., LYII; June 1920.) 


De, M. N. . 

Dutt, G. R. 

Elliot, E. A. . 

Pelt, E. P. 

Fletcher, T. 
Bainbrigge. 

Fraser, P. 0. . 

>3 



Misra, C. S. 


. The Eice Leaf-hoppers. (NephdtefMs 
hipimctat'us, Fahr, mid N e-plioteUio! 
aficalis, Motsch.) (EntL Mem., VoL V, 
Ko. 5.) 

Woolly Aphis, (Ar/ricL Journ. India.) 
JBamacTiandra Eao, Y. Lantana Insects in India. {Ref. of Proc,. 

Third Enil. Meeting, pp. 671-680.) 



REPORT OF THE IMPERIAL PATHOLOGICAL 

ENTOMOLOGIST. 

(The late F, M. Howlett, B.A., F.E.S.) 

(Mr. Howlett died at Masuri on 20th August 1920, 
before writing his Annual Report for the year ended 30th 
rTune 1920. The following Report has been written me 
from such information as is available. — T. Bainbrigge 
Fletcher, Imperial Entomologist.) 

I. Charge and Establishment. 

The Imperial Pathological Entomologist was in charge 
of the Section during the year. The deputation period 
under the Indian Research Fund to conduct an investiga- 
tion into mosquito repellents expired on 24th July 1919. 
The Imperial Pathological Entomologist left Pusa for 
Dehra Dun on 4th February 1920, to take charge of the 
Zoological Branch of the Forest Research Institute and 
College in addition to his own duties. He was in charge 
of the Forest Zoologist’s office from February to 9th July 
1920. 

At the request of Mr. H. E. Cross, Camel Specialist, 
Sohawa, Mr. P. G. Patel has been deputed to work with 
him on Surra transmission experiments. 

Mr. H. N. Sharma was on deputation in connection with 
the mosquito repellents investigation until 24th July 1919. 

M. Shaffi, Fieldman, was on deputation for six months 
from July 1919 in connection with the Kala-A^ar investi- 
gation at the Pasteur Institute, Shillong. 

II. Work Done. 

Ill September 1919 the Imperial Pathological Entomolo- 
gist took up work on the effect of alkaloidal poisons on rats 
(undertaken at the suggestion of the Secretary, Indian 
Research Fund Association), and of X-rays on mosquito- 
larvae, in collaboration with Captain Barnard of Colaba 
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very small parasites „ob 2,nd December. These |au’je'h((‘s 
were different from those of the larger species ol‘ 

“ Thirasitized egg-masses of T. (dlrlwadhis and 
T, c/nmus were obtained on 2nd December. 

‘TFifty-one og'g-jnasses of T. crassf/.s ?i,nd 7'. f/lhhifrdj'f/s 
were obtained on HfJi Decennher biit ofdy six oi‘ them 
fonad to contain larwc and |)aTaBites. Paa’a.siles h(‘g;:iJ) to 
emerge on Itth December. 

“Eggs of 7\ samjuineMS ami T, alb medium (^oileetcnl <in, 
27th November were examined on Sth December a,nd a. fens’’ 
were found to harbour parasites in tlnur pupa,! stage. 

“The following egg-masses, both old a,nd fresh, wme 
obtained on lOth December, viz,, 54 egg-masst^s ol:‘ T. rras,^vs, 
29 of T. IneaUosus, 7 of C. dAmmlam, 5 of T, albhuedlufi 
Of these only unhatched egg-masses ol* 7'. a.lbm.v(lhas a,TH] 
T, crassus were found to contain parasites. 

“ One egg-mass of T. albimedius was takmi (ui Tltli 
December; parasites from tliis egg-mass began to 'miuM-gc on 
13th December; all these parasites were cjiiitc. activi^ .-uid 
some of them were seen to be pairing. 

“ Several egg-masses of spiders, which were found msur 
the egg-masses of Tabanus, were also collec*ted to sc(' if the 
Tabanus parasites could be obtained from them. l\l;iny 
spiders’ eggs were found infested with hymtmoptm'ous 
parasites, but they were quite different rrf)m those of 
Tabanus. 

Three egg-masses of T. albimedius were olitaiucnl on 
15th December; and one of these began to hateh larva- on 
17th December; parasites began to emerge on ibtb asnl 2{M.h 
and were found pairing on 21st December, sonui of tlumi 
surviving until 31st December. The total muidKvr (if para,- 
sites which emerged from a single egg-mass of 7’. (dblrup.dius 
was 237, whereas the number of larvse which emergcMl from 
the same egg-mass was 55. 

“Thirteen egg-masses of T. samjumeus a, ml two of 
T. albimedius were obtained on IStli Decornlxm and i‘r(>,nj 
these parasites were seen to emerge on 23rd D(‘xmnber. 
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'' One egg-mass of T. crassus, obtained on 23rd Novem- 
ber, began to batcli out parasites on 20th December; this 
•egg-mass was kept undisturbed outside the Laboratory in 
a tank full of water and mud, and the parasites were 
noticed to survive until 6th January 1920. 

"‘Fresh egg-masses of T. hicallosus and Chrysops 
were found on 26th December, but no parasites emerged 
■from these eggs. 

“ One old egg-mass of C, stimulans was examined care- 
fully and was ' found to contain several parasites of a 
smaller variety. 

"" Two very old egg-masses of T. alUmedius, covered up 
with a kind of fungus, were obtained on 4th January. One 
•of these was opened up on that date, and was found to con- 
tain living parasites. 

“ One egg-mass of T. sanguineus was noticed to hatch 
out parasites on 4th January. 

“ One egg-mass of T. alhimedius began to hatch out 
larv**® on 7th January. The parasites from the same mass 
-emerged on 8th January. 

“ The total number of parasites which emerged from 
-a single egg-mass of T. alhimedius was 253 and the number 
of larvae which emerged from the same mass wms 57. 

“ One old egg-mass of C. stimulans was found to contain 
■parasites (small variety) on 9th January. 

“ One egg-mass of T. sanguineus obtained on 31st 
December began to hatch out larvae on 7th January 1920; 
parasites emerged from this mass on 9th January. 

"" Several parasites were seen emerging from the egg- 
masses of T. alhimedius dJidi T. crassus which wmre collected 
during the second week of December ; on breaking open 1 he 
egg-masses, the parasites were found alive on 15'th Jam ni v 

“One egg-mass of T. crassus, collected on 11th 
.ary, w^as seen hatching out parasites on 18th Janua'*’''^* 

"" One egg-mass of T. alhimedius type, wh'ic. 
covered up with fungus, began to hatch out parasi 
'.29th January. 
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One freslily-laid egg-mass of C. stimulans was found: 
on 8 til February. 

‘‘ Eleven egg-masses of C. stwitdam were obta-inccl. on 
15th February; no parasite emerged out of tliein. 

“ One adult T. alhimeditis was seen on 20th lu^brimry. 

“ Three old egg-masses of T. missus were ol)tained on 
23rd February, but no trace of parasites was seem a.mmigst 
them; 

Three freshly-laid egg-masses of T. alhimedius were 
obtained on 23rd February, and by 27th February 71 para- 
sites emerged from these egg-masses. 

“One egg-mass of T. hicallosiis was observed on 23rd 
February with one parasite on it; it was kept undm 
observation and seven parasites werO found to emergii on 
1st March. 

“Between 25th and 26th of February 91 egg-masses 
were collected; they belonged to T. aUmiedms, T. mre/Oy 
T. hicallosus and C. stimukms. 

■ “ Egg-laying of Tabanids was noted in large numbers 

at Birouli ghat where the Estate cows were accustomed to 
graze. 

“Besides the foregoing, work on the imra., sites of* birds 
was continued at Piisa, the following pa,ra,.s,ite.s being 
obtained from different nests: — (;l) Two species of blno(!- 
sucking midges of the genus GuMcoides weri'. found in very 
large numbers in crows’ nests. The nest of a, erow \s'as 
invariably found lined with horse ha.irs and the midges 
were found inside the hairs quite iirflated witli liiood. 
members of the genus Culicoides are in the habit o!‘ d raw- 
ing more blood than they can carry on the wing; I ha ve \'ery 
often marked these flies quite incapable of flying a fter their 
meal of blood. About 6 per cent, of the crows’ nests wtu’e 
found infested with blood-sucking midges whereas tiu'. ucsts 
of several other birds which were examined on various 
occasions did not reveal the presence of these irdflgcjs. 
(ii) Squirrel hug: This bug has proved to suck bloo<l oh 
man, rabbit and goat under Laboratory conditions. It wa,H 
found mainly inside the nests of squirrels. It belongs to. 
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; the family Lygseidse. No bug of this family has hitherto 
been recorded to suck blood, although many of them are 
known to harbour Flagellates, either Herfetomonas or 
Critliidia. The life-history of this bug, from egg to egg, 
has been worked out. \iii) A species of Stomoocys, 
apparentl}/ S. ohlongata, was found to breed inside the nest- 
materials of the Mynah and of a kite, (w;) Phlehotomus 
•argent/l'pes : . Flies of this species were observed to emerge 
nut from the nest-materials which ivere heaped up in a glass 
.aquariiiiii. On examining the nest-niaterials no larvae were 
seen but seven empty pupal cases were met with. Flies of 
this species ivere also noticed on several occasions in very 
large niinibers inside the cages of Ostriches and other birds 
in the Victoria Garden at Bombay, (v) Clinocoris Jiemip’ 
terns (Cimex rotmidatus) ivas obtained from a Mynah'^ 
nest, which was situated on a wall of the Tara Stable at 
Pusa. All the stages of the bug including moults were re- 
covered from the nest. Five pupm of Hippobosca.- maoulaia 
were also found in this nest, {vi) A Muscid Fly was found 
to breed in the nests of a bird called Siroli in Bihar. 
{vii) The life-history of Passeromyia sp., perhaps lietero-r 
chmta. (blood -sucking maggots), has been worked out from 
egg to egg with a plate. One other kind of blood-sucking 
maggot has lately been obtained - from the nest of a crow 
.at SohaAva.” 

Mr. S. K. Sen, Entomological Assistant, submits the 
following' report on his work during the year: — 

(1) The experiments started with a view to finding 
out the correspondence, if any, between the toxicity of salts 
and their position in the Periodic system were coiicluded. 
All the chlorides of Group iii (1), Te., CaClg BaCl^ and 
MgCl^ behaved similarly, their toxicity being small, but the 
behaviour of BaCk was not quite clear, for in two instances 
it shov/ed rather pronounced toxicity. CdCk which, along 
with PIgCk and ZnCk, falls under Group ii (2), proved 
to be highly toxic; ZnCk had the disadvantage of forming 
basic precipitate in w^hicli condition, however, it appeared 
highly toxic. With regard to Group i (1), i.e,, LiCl, NaCk 
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KCl (and NII^Cl), all, except Li Cl, appeared to lia,vo vorv 
little toxicity, the exceptional beliavionr of LiCU Ixmiij*' n iint 
was expected. It should be inentioned that aw sonic, oi‘ Mu' 
chlorides were insoluble in water, attention laid l-o ]h; con • 
fined only to those chlorides that entered inf.o (rue soiul ion 
with water, and for the study of toxicity eifuiniulcciilar 
solutions of the salts were always taken. 

“ (2) Experiments were continued on the cor resf um i iciu-e 
of the toxicity of volatile organic compounds to their boiling 
points. Cotton plugs thoroughly soaked in the cheuncalw 
were allowed to remain for 48 hours in small phials con- 
taining a thin layer of water, care being taken not to bring 
tlie plug in contact with the water. Three larvjc oi 
Stegomyia scutdlaris were then? introduced in each of (he 
phials and the time when they died noted. The data so far 
obtained are scanty and do not warrant a defiiiil,c 
conclusion, 

(3) Observations were continued on the conipariit i vn 
behaviour of larvm and pupai of mosquitos towards solrdile 
and insoluble salts and poisons. Whereas mosquito la riav 
are generally readily killed by minute quantities o 1* 1 1 g,I ' I 
sprinkled in water, the pupae have almost always been (.‘ouiur 
to resist the action of the salt and to turn into adults. 'I’lic 
same was observed with other halo gen salts of {mu'ciiry 
which were insoluble in water and also some of iho insohihk 
alkaloids. The results obtained seemed to conrinn the ])i‘c 
vious conclusion that the soluble substances oyKvral-e ch icily 
cutaneousiy and the insoluble substances oraliy (‘ TdTcct of 
iTiercuroiis chloride on mosquito larvae/ rea,d before (lie 8ixt !: 
Science Congress). 

“ (4) In connexion with, the Imperial Pa,tlio!ogicn i 
Entomologist’s work on ' Culicifuges ’ a series of concorixsii 
observations was carried out on the deterrent efToc(:s of (he- 
following chemicals on ChoBtodaom zonaPas witii a, view to- 
finding out any analogy between the chemotaetic rmulion 
of fruit flics and that of mosquitos. The experiment con- 
sisted in dissolving varying quantities of methyl eugenol 
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in spirit, adding fixed quantities of tlie repellents to tlie 
solutions and exposing the mixture in equal quantities. 
The following is an abridged statement of the average 
number of flies that came to the repellents (which were tried 
in various strengths) : Cinnamic aldehyde, 0 ; Turpentine, 
38-2; Camphor, 17*4; Napthaline, 22-6; Kerosine, 12;2; 
Benzine, 26-8; Acetic acid, 19-2; Carbolic acid, 0; Oxalic 
acid, 11*8; Hydrochloric acid, 10-8; Sulphuric acid, 3-4; 
Mercuric chloride, 0; Soap (unscented), 12-8; Pormalin, 
28*6 ; Amyl acetate, 78; Control (Methyl eugenol only), 33*2. 
Some chemical change seemed to have taken place in the case 
of mercuric chloride. 

“ (5) A further attempt was made to find out the role of 
blood in, ovulation in mosquitos. In my previous paper it 
was stated that eggs were obtained with peptone and in 
a- few cases with milk, but the exceedingly small percentage 
of successful experiments pointed to some accidental factor 
being responsible for ovulation. The following were some 
of the standpoints from which the problem wms attacked ; — ■ 

(i) Leucocytes are present in the blood of both 
vertebrates and invertebrates (which have been 
found to be attacked by mosquitos). ■ As 
leucocytes are characterized by ameboid move- 
ments and also in some other respects they 
present a near parallel to Amceha and Euglena, 
it was considered probable that the larval habit 
of eating Euglena in water was continued into 
the adult habit of eating leucocytes (while 
sucking blood); and if so, Euglenn might take 
the place of leucocytes even during the adult 
stage. But out of the three experiments tried 
with Euglena (sweetened with cane sugar), only 
in one case were eggs laid by S. sugens. The 
three experiments were continued for three 
weeks. The result is, however, of interest inas- 
much as this is the first instance in which eggs 
were obtained with a mosquito other than 
8'. without any meal of blood. 
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(it) Eggs were obtained in two out of ff>n r ox | )eri men Is 
tried with shed goat’s bloods (swoeionod wii h 
caiie sugar). W ith a Fiew to sti i d y i ng ! 1 1 o i IV.oi.s 
of the dilfeimt constituents of nUofiipls 

were made to separate put the s(n-inn iVt'm Iho- 
shed blood by means of a centrirugi^ hu! tins ('dd 
not succeed, probably on accoutd. of faiiui'e (o 
prevent coagiilation. 

(m) Wiilsttttter has recent^^^^ coniirmod Ihc niialngy 
that was believed to exist between chloii)phyil 
and hgemogiobin, but no eggs have liitliorto ])cen 
laid by mosquitos fed witli sweebmod ])ln,nt 
juice. 

{iv) Mosquitos enclosed with tender placds (rrom 
which they could siuiv the juice* i!‘ I hey woidd) 
died within four days without ovipos'ding. 

(a) In view of Goeldi’s opinion tha.t ‘ hone'y asid oSher 
sweet substiinces have an i aid I liter) (u ueidral 
influence on reprodnetiot!,’ saoefairine and giy~ 
cerine in various strcaglJm were nl'i'mrul to Iho 
mosquitos but tJiey retiiscd ev(‘n to taste ai!) of 
the liquids. 

“ (6) A large number of experiments \va,s c'arried <i!d, tm 
the behaviour of bed-bugs iu a varying lemp'ual iire. 
Healthy adult bed-bugs were enclosed in v(‘i‘y sma.li air l ighl 
tubes designed to contain the least possible amount oi* air, 
and the tubes containing the bugs 'were lniii((‘rs(ai in waicr 
kept a,t a fixed temperature by means of c!(H:l,ri(; enrroiit-. 
The experiments necessitated sustained o])S(n-vat){)n in oi'dm' 
to discriminate between apparent and real death. The ina in 
issue of the experiments was the* establish! no in of Ihe fact 
that a two minutes exposure to a temperature of is 

generally sufficient to kill the bed-bug. 

“ (7) In July 1919 the following were discovered iu tlic 
hole of an old tree : — • 

{i) A. large number of adult sand-flies {P hleboto nina 
sp. near minutus), 
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(ii) A few Culicoides adults (exceedingly minute 

species), 

(iii) One Ceratoyogon adult and a fairly large number 

of Ger(Ltoj)ogo% larvse, and ’ 

{iv) Iniiuinerable larvse of Culicoides (which could be 
seen with difficulty with the naked eye) along 
with the larvoe of Syrphidse, of Psychodci and of 
a species of. acalyptrate fly. 

“ lAung stages of the sand-fly could nowhere be found. 
Some Culicoides iind Ceratopogon adults were bred out. 

“ The Culicoides larvie could never be found in the loose 
debris within the hole but they lodged themselves in the 
fungi and other vegetation tha,t had overgrown the inner 
walls-; of the hole. The position, shape and depth of the 
hol{' nlTorded ready protection against wind end rain, the 
sonree of blood, their food-supply, being probably a large 
gecko wdiich was found inhabiting it (some of the 
Fhlrootomus adults wmre frequently noticed gorged with 
blood).” 

Mr. IT. N. Sharma, Entomological Assistant, submits the 
following report on his work during the year : — 

“ On the Imperial Pathological Entomologist receiving 
■ orders to investigate Culicifuges for the Military Depart- 
ment, I was directed by him accordingly first to make an 
inquiry by practical tests into official or other weH-lmown 
preparations and then into any other substances which 
migl.it suggest themselves as possibly helpfui iii securing the 
ultimate object of the inquiry. This object was to obtain 
a. preparation absolutely effective against mosquitos for a 
period of not less than three hours. 

“According to the above directions the work wms 
arranged under the following heads : — 

“ {%) Severe practical tests of preparation in official or 
general use; 16 preparations were tested against hungry 
A rmigeres obturbans, in cages containing not less than 100 
females. Three grams of solid or 2^ coin, of lilpiid prepara- 
tions, covering the hand and the forearm up to an inch 
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below the elbow, were used in each test. The niunliei’s re- 
present time in minutes before biting began. 

“Two lasted for an average of 1| hours, throe* Ibi' (* 0 ;' 
hour, the rest for less than an hour. In the of (‘-uh 
of the three first-named preparations (Nos. 1, 2 a, ml :j) (uio 
mosquito bit before the expiration of 10 mimiU's during; 
one test, although general biting did not begin (ill- luiii;' 
afterwards and all the mosquitos were hungry. Tii, taking 
the average figure, these three results have beeu omil.ted, a s 
also one test in which Lawson’s pomade remained effec*! 
for 155 minutes. 

“ The following is the detailed list and the figures, as 
given, fairly represent the relative average efficacy oi* tlic 
different preparations : — 

(1) Lawson’s Mosfpiito Toinade . 89 ConsistoTiey gofnl.. 

Iriatation poo-op- 
tihlo frosli Inrl; 


(2) Cassia, caraplior and .so:f(>pa.ra- 

ffi-ii (offkdid). 

(3) Cilronella . . . . 

(4) Eii,ca,i*cit . . . . 


(6) Pararpiit vaseline (Messrs. 

Tiiomas). 

(G) Mnscatoi . . . . 

(7) ilanihei' oil (official) 

(8) Mosquito essence (A. and N. 

Stores). 

(9) Menthol and Tiirpcnitine 

(.10) Napthaline (?>), soft soap (1) 
(oilicial). 

(11) N. C. I. Powder (official) . 

(12) lve,rosin{-M)il . . . . 

(13) Lncalyptiis oil (Kemp) . : . 

(14) Keating’s powder . . . 


l.ra,nsi(Oit. 

87 (lot ISIS te ru -y fa i r . 
Irritalion very |)er" 
ceplihle. 

62 ,Li(jnid. Irritation 
nogligihle. 

60 l.ifju.id. Irritation 
negl igi()io. 

54 Li.<|uid. Irritation 
iuig‘ligil)ie. 

42 Liquid. Irriiatloif! 
negligible. . 

4-2 Liquid. Irritation 
negligible. 

17 Liquid. IiM-itatloif. - 
iiegligilde. 

17 Liquid. Irritalion 
negligible. 

16 Consistency .not w-ry 
good, Irritalion, 
neglig'ihle. 

■15 ■■ 

■■■ 9: h 

.' qr -.-. , 

..2 ■■■: : 
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(15) Vermijelli (official) . . . 1 

(16) Carbolic acid (3), soft soap (1) Can liarcHy be tested 

as it removes tbe 
epidermis. 

(ii) Similar tests were made with about 140 other 
substances from which it appears that it is hardly possible 
to produce a preparation which will remain fully effective 
for 3 hours. 

A brief list of some of those substances which remain 
effective for over 9 minutes is given below 


(1) Cinnamic aldehyde (13), castor oil (100) . . 100 

(2) Creosote (1), Kerosine (19) ... . . 60 

(3) Creosote (5), Castor oil (100) .... 50 

(4) Cresol (5), Castor oil (100) . . . . 55 

(5) Carbolic acid (5), Castor oil (100) ... 40 

(6) Iodoform (5), Methylated spirit (100) . . . 45 

(T) Thymol (5), Methylated spirit (100) . . 25 - 

(8) Mustard oil . . . . . . . 25 

(9 ) Alcoholic extract of bed bugs . . . .15 

(10) Proposote (creosote, phenyl propionate) . . 36 

(11) Safrol (50), Castor oil (100) .... 30 

(12) Vinegar . 20 

(13) Napsal (10), Castor oil (100) .... 20 

(11) Alcoholic ext, of Butch ..... 10 

(15) Orthonitrotoluol (10), Castor oil (100) . ,10 

(1(]) Tar oil (5), Castor oil (100) .... 10 


“ (Hi) Tests of repellent ]power at a distance of 3-4 
inches. About 4-0 substances were tested by a comparative 
method. These led to the conclusion that (1) the factors 
concerned with distance repulsion, and contact repulsion 
are probably not identical; (2) neither distance repulsion 
nor contact repulsion is apparently proportional to the 
poisonous effect on the mosquito of the vapour of the 
siibsta.iice used ; (3) mosquitos probably cannot be kept at a 
distance from the body (by any practically applicable 
cliemical repellent) for any length of time. The following 
is the list of some of tbe chemicals tried. They are in order 
of tlieir merits in each of the three series : — 

(1) ('/') Creosote, Napthaline, (ii) Wood oil, {Hi) Oil of 
Cassia, (iv) Eucalyptus oil, (®) Lavender oil,. 
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(?;i) Citronella oil, ('«H) Kerosiiie oil. (riii) lo)!’- 
iiialiii, (iw) Acetic acid, (a-') 'M.List;iT(] (u’i, (,/'/) 
Tincture of Iodine, (^m) Methybitod sjo'rii.. 

(2) (i) Phenol, Citronella, Anilin, Tiiyino!, M'i'l hylatcd 
salicylate, (ii) Benzine, Acetic ju^id, fodororni, 
Cresol, Carvacrol and Amyl ah^vlioL 

“ 2. Electrical X-rays experiiuent. M,os<]iiito l.-irva* of 
various ages, pupse and imagines v/ere, exposed. The chTenl. 
of the oiie-minute exposure on the newly hat.di(‘.d (ywc lu)ur 
old) larvae was very prominent, all of them dyiiig with in 
29 hours. The other stagUs did not seem alTect.ed. This 
experiment could not be repeated owing 1 o \va nt of fa(‘i li ties. 

“ 3. Observations were made on the (hTeets of < h'p rc'ssa.i! I s 
on rats. Small doses of cocaine mixe<1 up will) haji'l llnui*, 
formed into a dough and made into small l)a.lls, were ofiered 
to Fiius ratt'us. Tlie rats were hept singly in ca.gvs. At 
the end of three days the rats (leveiopcd [Kv-ulia t’ symj jloin.s; 
they grew wild and bit at my hand a fid a lso a,t; cag(‘ ha.rs 
and other materials when offered to them. On the eigliih 
day they showed canni ballistic symptoms and (lestroyed ono 
another. 

“4. Moscpiito classification work was continued,” 
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REPORT OF THE IMPERIAL AGRICULTURAL. 

BACTERIOLOGIST. 

(J. H. Walton, M. A., B.Sc.j 
I: Administration. 

Mr. C. M. Hutchinson, C.I.E., Imperial Agricultural 
Bacteriologist, was in charge of the Section till 10th April, 
1920, when he proceeded on eighteen months’ combined 
leave. Proposals for the expansion of the Section received 
sanction with effect from 26th October, 1919. Under this 
scheme I was appointed Assistant Bacteriologist from that 
date. 

I wa.s absent on six months’ privilege leave from 27th 
August, 1919, and took over charge of the Section from Mr. 
Hiitchinson on 11th April, 1920. 

Mr. N. V. Joshi, B.A., M.Sc., L.Ag., First Assistant,, 
was appointed to act as Assistant Bacteriologist from that 
date, and Mr. K. S. Viswanatham, B.A., as First Assistant. 

II. Training. 

Mr. K. Adinarayan Rao, a student from Mysore State, 
completed his training in agricultural bacteriology on the 
.5tii of April, 1920. 

III. Soil Biology. 

Nitrification. Investigations of the nitrification of 
cowdiing, cow urine, and sheep fold manure were carried 
out, and a paper on the subject was read at the Indian 
Science Congress, Nagpur, 1920, by Mr. Joshi. In the case 
of cowdimg it was found that, when added in the fresh 
state, no nitrate accumulation took place, but when added 
after storing, under either aerobic or anaerobic conditious,. 
about one-third of its nitrogen was converted into nitrate. 
The nitrogen of the urine was rapidly converted into nitrate 
in the soil. The inhibiting eftect of excess of carbohydrate 
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on nitrification was shown by the results obia/moi I wlum 
straw \Yas added with the dung or urine. Tho. losses of ni- 
trogen that take place during storage are being fiiriiun' U\~ 
vestigafced.' 

Observatipns of the effect of these nuuiures on ilic* rr<t|) 
yield of oats in pot culture showed the growl h n\' lJu‘ ]ti;in(, 
to correspond to the amount of nitrate foritK-d in liu' nil ri 
fication tests, but where a bad physical condition was jwo- 
diiced in the soil, the yield was smaller than liinl. e?q>iH'ird 
from consideration of the nitrate figures. 

Oats were grown in both pots and plots to which n iotw, 
stems, and leaves or the whole plant of dhainchti {Snsixi/ud 
aepleatd) and cowpea were added. The m’ops obtained 
corresponded to the nitrate formation obtained in (hr 
laboratory nitrification tests with these piaails and iln-ir 
parts. 

Study of the wide varia.tio;ns in the accumnla.tion oi‘ 
nitrate during the decomposition of various oil-cakes in 
Piisa soil tend to the conclusion that they are due, to the 
differences in the relative proportions of carboJiydr/Pe and 
nitrogen in the cakes. . The oil content ha,d very slight in- 
fluence on nitrification and the addition of: siudi snat.erials 
as cellulose, filter paper, sawdust, starch, cane sugar and 
giucos© to cakes rich in nitrogen, retardcil the riceiutmla,- 
tiou of nitrate. Further, in the case of -nialunr {ihfs,da 
latifolia)' ciike, no nitrate was found after eight weeks’' in- 
cubation, except when the cake had {u'oviously heem 
fermented. 

The nitrogen content of soil under fallow rnid growing 
crops was studied. Both nitrate and orgaiiii: niirogtm 
contents of the cropped plots were lower tha,n those of 
fallo^v plots and the differences were greatest during (ho 
period of most active growth of the crop. 

Biological analysis of soils. Biological analysis of 
soil from an abandoned coffee estate in Mysore was enr- 
ried out. - 

iMitrogen fixation. Experiments on the effect of the 
-accumulated products of its metabolism on the nitrogen- 
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fixing power of Azotobacter are being carried out. So far 
it appears that these f)3^oduots appreciably lower the 
am omit of nitrogen fixation. , 

Niinieroiis colonies of actinomycetes have invariably 
been found growing on Ashby’s mannite agar plates, ino- 
culated with a dilute soil suspension. Twelve species were 
examined for nitrogen-fixing power. Only minute gains 
were recorded, but as this group of organisms is one of the 
most abundant in soil, their accumulated effect may be of 
considerable importance, and further investigations of their 
activities are being taken up. 

Seven soils, two from Pusa and five from Mysore, were 
examined for nitrogen fixation under anaerobic conditions. 
In liquid culture gains of up to 6*5 mgm. nitrogen per 
gram dextrose were obtained. Sugarcane megasse has 
proved an admirable medium for the growth of nitrogen- 
fixing organisms. After inoculation with mixed cultures 
of nitrogen-fixing organisms, its nitrogen content rose 
from 0-27 per cent, to 1-3 per cent, in two months. 

IV. Indigo. 

Owing to the short rainfall and backward condition of 
the plant no experiments in manufacture have been car- 
ried out since those mentioned in the last report. 

Pure cultures of indican hydrolysing bacteria were 
joaintaiiied in the laboratory; the culture the most 
efficient, isolated three years ago, has lost none of its effi- 
ciency in that period. 

, V. Sterilization of water. 

Investigations on this subject were continued, and sup- 
plies of the sterilizer “E.C.” were manufactured for the 
weekly disinfection of the weUs on the estate. 

Two to three per cent, of available chlorine was found 
to be the maximum possible obtainable with economy of 
current consumption, and in higher concentrations stability 


rapidly diminislied. 2-5 per cent, is the d])!!]}!!!!!] junied 
at for economy in production and stability of 1 lie product. 

Stability tests showed that solutions of this s!;r(Uu,(M! 
could be made stable for six weeks at plains U'mpc.ral ui'(*s 
(30^ C.) and for six months or inore at Iii!l slalions 
(20^—22° C.). 

YI. l^EBRINE. 

The work on. pebrine was taken over by Dr. A . Ib’i nglc 
Jameson, Protozoologist, who arrived in Octol)er 1919. 
Laboratory accommodation is being provided for liiin and 
his stall in this Section. 

VII. Programme o.f work for 1920 21. 

1. Major sv-bjects. 

Gen.era], biology of soil - 

{a) Nitrogen fixation, symbiotic and asymbioiic. 

(b) Bacterial fermentalion of organic nmticr in soils. 

(c) Influence of bacterial a,ction on irva, liability oi“ 

phosphates in the soil. 

2. S fecial efiquiries. 

(a) Indigo inanufaetnre. 

(b) Other industrial problems connected with micro- 
biological activities. 

3, Minor subjects. 

(a) Plant palbology. 

(b) Eevision of laboratory methods in soil biology. 

VIII. Publications. 

TIutclimson, C. M. . Eeport on Agricultural iLuUiu-ialogy, 
1918-19, for the Board of Sciloif ifit- Ad- 
vice, 

Hiiteliinson, C. it. . Pebrine in IiuHa. Mem. of „f 

Affri. in InHia, Vol. 1, No. S. (/,, ih',: 
in'ess.) 
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J oslii, . V. . . Studies in Biological Decomposition of Co-w- 

dung and Drine in Soil. Agri, Jour, of 
India, Vol. XV, No. 4. {In the 'pr-exs.) 

J oslii, N. V. . . Studies on tlie Root Nodule Organism of tlie 

Leguminous Plants. Mem. of the Dcftt. 
of Agri. in India, Yol. I, No. 9. {In 
the press.) 


I 
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EEP0B.T;0E THE PROTOZOOLOGIST. 

(A. Pringle Jam:eson, ]’).Sc.) 

" I joined my appoint ineiit at Pusn, on VZlT Oo4.of)(n\ 
1919, but conaiderabie incoiiV(Miioiioe n,nd <le!ay were ox- 
perieTiced in getting the work (m silk worm tiisenses fco- 
])er!y started on account of the extrenu^ slowncHH witli 
wiiieli the apparatus ordered ;i,t, home wa,s deli\e!“(Mi 
altiioiigh ready for dispatch in Septemltoi' . 1919 , the last 
consignment was not received until A])i’ii 1920 — and also 
on account of the lack of assistants, sanction for slalT not 
having been received until May. IT it had not been for iho 
kindness of Mr. G. M. Hutcliiiison and other hca.ds ot* 
Sections who lent me sufficient assistance and a])para1.iis to 
go on with, it would have been [iraxl ically impossible to liave 
started certain lines of work. 

The first silk-worm disease tlia.t is being investigated is 
pebrine. This disease is caused by a very minute pi'o- 
tozoan parasite. Sixty years ago tlio silk industry in 
Europe was nearly extinguished by it and fears are enter” 
tained lest it sbould assume equally serious ])ro]->()rtioiis in 
India, The work on this disea.se wa,s initiat-ed ])y Mr. 
Hutcliinson and it is being cariled on from I he point where 
he left off. It falls naturally into two })a.rts. First the 
investigation of the life-history of the parasite, Nosema 
homh/cis, whicli causes *fche disease, and second the investi- 
gation of means of controlling the disea.se. '.Fhc si^cond 
line of inquiry is, of course, more or less deixunlcnt on ilu^ 
results of the first. 

(a) Life-history of the 'parasite. Attention is licing 

])aid at present to the early stages of the li fo-lii story the 

behaviour of the spores wlien introducod into thfj gid; of 
the silk-worm a,nd the initial attacks of the pa.rasitcj on 
the tissues of the host. This work is very diflimilt to carry 
on in the hot weather as much of it entails the cutting of 
extremely thin paraffin wax sections, but ali’eady a con- 
siderable amount of information has resulted from this lino 
of investigation. It is, however, much too early in the in™ 
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quiry to make any dejEinite pronouncements on the life- 
history. 

(h) E 00 ferime^its on disease control. The following are 
some of the lines of investigation being pursued. Various 
races of silk-worms are being tested regarding their resist- 
ance to disease. Three small Tcutclia rearing houses have 
been erected and in them experiments on disinfection, 
length of life of spores, and methods of infection are being 
conducted. The effect of climatic conditions on disease is 
being tested. Various rearing methods are being investi- 
gated in relation to disease. Certain extremely interesting 
facts have been brought to light by these experiments, es- 
pecially with regard to infection of the worms in surround- 
ings highly charged wdth infectious material and also with 
regard to the lethal qualities of the disease. But here again 
the time has not yet come for making any definite state- 
ments. 

The Government of India having accepted Professor 
Lefroy’s recommendation that a seed supply station be 
established in Shillong, the matter is now being pushed on. 
A. si te for tlie laboratoity buildings ha,s been given by the 
Governors of the P'asteur Institute and a plot of land for 
growing mulberry has been selected. The plans and esti- 
mates lia;ve been drawn up and final sanction is awaited. 
It is hoped tlia.t building, operations will be started iinine- 
diatr'ly mul the main buildings erected by October. Several 
hundi'iid mulberry cuttings have been set out in the Shillong 
Fruit Fai'iii by the Superintendent, Mr. C. H. Holder, to 
whom 1 1 milks are due for his kind assistance. 

pKOGPvAMME OF WOEK FOR 1920 - 21 . 

The investigation of the life-history of Nosema 
hombycis is being continued. The experiments on 
disease control, etc., will be carried on and expanded 
in the liglit of tlie results obtained. Experiments 
on a. l:,!!‘g(' scale to test the value of hill amelioration will 
be si,.ai't(‘d next year, as soon as a station is established in 
tile it ills. It is iioped that a beginning will be made with 
the stmly uC llacherie. 
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APFUNDIX. 

IIEPORT OF THE SE'OEETARY, SHGAE HURMAU. 

(Wynste Sayisii B.A.) 

I Y'as placed on special duty for a. pio'iod ol Iwo yt'acs wiiii 
{■vLTert froin t20ili Taiiuary, 1919, (o uiuleiTtdvo, llo' col loci ion of all 
available iiifoTiuaiton in connecdion wilb. ilie .su|?;a,v iiidoslrv in Oulia, 
])ending' a furtbcr consiclerution by tbe (sov'criiauMil of India of 
tlie (|iu}slion of eshiblisliing a Sugar Ihireaii. An cslablisbnicnl. of 
tvvo recorders, two clerks, and two typists, with one Snp{'rin(('iideiii, 
was sanctioned to enable me to carry on tbe work, biii otn; of {}]<'se 
posts has been vacant for tlie wliole time, Ibo pay and ibe icinporary 
position not being sntficient to attract a sniiabb' man. TIk' dc'sig- 
nation of my post, was clianged to Ibal, of {die Socroiarv. Sugar 
Bureau, witli effect from Idtli April, 1.919, 

It will not be out of place here io give a brief hisiory of ibe 
successive, steps (lovernriieiit have taken to enco^iragc ilu' iiidusiry, 
in the course of which Ihi.s oni(;e (oiino to )>e croaicM). 

Scientific, work on [he snga,rcan(‘ cro]> was slarlisl at Manji’i in 
the Bombay Presidency hy Mr. AI{d!ison in 1S9 ! and at vSanialkot in 
Madras by Dr. Barber towards tl\o (dose of the last ct'niury, Tn 
these two PresidoucieH some val viable rc'sull.s W(‘re obiaim'd. In 
Bvmgal and tlie United Provinces a, Iso sonu! work had Ixhmi done. 
But it was after the Agrioiiltural Deparlimnils were* rtsorganiy.ed hy 
Lord Cursiion’s Government in 1905 Ibat iho foundaiions of lln^ im- 
portant work bci.ug done by Mr. G. (Oarke at Shahjahanpur, Mr. 
Somers Taylor and the late Mr, Wood lion sc at Saboiir, Mr. 
Meg’gitt in Assim, Mr. Oloiision In the C(uilral Pi'ovinct's, and 
3fr. Eohertson Brow.n. at Peshawar in the Noi’ili-'Wcst FrimUku’ 
Province were laid, while the work alrtsnly in jirogrcss in Madras 
and Bombay was expanded. 

In 1911 Pandit Madau Mohan Mulaviya nnwed a. rivsolntion in 
the Imperial Legislative Conmdl recommending that the duty on 
imported sngar sliovdd he so raised as to make it possildo for tin’! 
iiicligcnons sugar industry to survive, the competition to whicli 
it was exposed. The late Mr. Gokhale moved an amendmnui 
recommending that Government should order an en(|uiry by a 
Gonimittee of competent persons into the p.i'cscnt condition of 
sugar industry in India with a view to asccudaining wliat act-ieu 
could and should be taken by the Sta,to to save (Ins industry fnun 
the threatened ruin. He pointed out that Hiere was a, great deal 
, that Government could do for the industry even if it did not; 
impose a high protective tariff, in the matter, for instance, of 
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making the services of expert chemists available, in the matter 
of the terms on which land might be held, in the matter of 
irrigation and other facilities and so forth. Government replied 
that they were alive to the position and were doing their b('st to 
improve the methods of cane cultivation and the manufaelure of 
sugar throughout the couiitiy. Both the resolution and the amend- 
ment were lost. But in ISTovember of the same year the question 
of the Indian sugar industry was considered by the Board of 
Agriculture in India, and as the result of its recommendations the 
appointments of a Sugarcane Expert and a Sugar Engineer were 
sanctioned for a term of years. The headquarters of the former 
officer were located at Coimbatore in Southern India as canes were 
found to flower there (this is not the case in Northern India), faci- 
litating thereby the work of raising better varieties of canes by 
crossing. The Sxigar Engineer was stationed in the United Pro- 
vinces where more than half the total acreage under the crop is 
grown, his duties being to work out the smallest economical ske 
of a sugar factory suitable for Indian conditions and to advise the 
public on factory matters. As stated above, both these were on 
a temporary footing. Nevertheless they marked a stage forward 
in. the policy of developing the Indian sugarcane industry. Since 
then almost every meeting of live Board has reviewed the work done 
on this crop at the various experiment stations in the country. 

The great European war brought the question of the Empire 
sugar supply to the forefront. The usual sources of beet sugar 
supply, Germany, Austria-Hungary and Russia, having been cut 
off, the world was faced with a serious shortage of sugar, and India 
in common with the rest had to pay heavily for her imports. It 
was in these circumstances that the Board of Agriculture met 
at Poona in December 1917, and the opinion was nnanimons that 
the time was ripe for making a further move in the policy of develop- 
ing tlie Indian sugarcane industry. It was the general opinion of 
the Board that no time should be lost iu starting an office where 
information on all aspects of the Indian sugar industry could be 
obtained, tb.e infoimiation available at that time being scattered 
in the Secretariats of the various Governments in India, in the 
records of tlve late Reporter on Economic Products to the Govern- 
meiit of India, and in the offices of the Director-General of Goni- 
niorcial Tiiiclligence, the Government Sugarcane Expert, and the 
Diree.iors a,nd Deputy Directors of Agricidture in the provinces; 
tills l.ii.b)Vuia,(..lon was to be collected, sifted, reviewed and made 
avaihdile io Government and the public. In view of the prevailing 
liigit price of sugar acting as an incentive to putting up factories 
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ill iiio couiUry it wa-s most desirablo tliat iLere .shoulii 1x5 a- oojiival 
org'iUiiKaiion svlioi'o ro'lialile iafomialion, udvic-o, as.sisiaiU'.o 

could l)c liad. 

Jt will (liiis 1)<‘ set'll, tl:mt l,lu‘ ronnal'ion tif ihis olilt-i^ was a 
iiatui'a! ('voliilioii of Hit' series of slops wliicli. Hit' riovoriiiiu'ni bad 
already iakou for (Iio iiuprovonioiit of llio Indian snyarTano 
industry. The, a]>poiuiiue.iit of llie Indian Su!j;-a.r ( 'oininil It't' tluriny 
the year 1)y (lie (ioveriiment of India, with lln^ Siwrolary of Slaie.’s 
approval marks a Ihiriher step in tlie same diretdityn. It i,s oxpt'oied 
that the Committee Avi 11 submit definite retaTinnioudailons as io iho 
Sugar Biireads coiistitutioii and fniictions, its relation Io llo' 
provinees., and where it should be located. 

The first piece of work undertaken lyy me was the colli'cllou 
and i.ndexiug' of all a,Aaiilable iiteraUire on the subject p(d)lislie<l in 
India, vsifting the masses of information a.vail,al)le in. various ollices 
and amingiug' iliom in a form convenient for reference. .Nfiich. 
progress Las hei'ii madiy in tin's dirt'clion, hut it was jnipo.ssihle in 
pay undividiMl attoniiou to this pai't of llie w(yrU as nunu'rous corre- 
spoudoiits began to si'ck advici* as ,soon a,s liuy <illie,ty was csla,hlishod 
and I wars in charge of the duties lyf iluy jxyst (yf linpi'rial A-grieiil- 
turivst up to 4tli. dauuary, .1020, and was a, Iso appointed a member of 
the Indian Hugar Committed Ihujuirics rcUitiiig Io sug‘a.t* and 
sugarcane began also to bo transferred to ihis ollii^e by the Agricul- 
tural Adviser to tiny (jrovermmmt of India, thiy (.{ovi'rinm'iit Hugar- 
cane Expert, Bireclor-Cencral of Connucrcial l.nU'l.].i.gc,nco, and ryllu'r 
ollicers. Tlie en<jnirio,s range fny.m. nu'riy rc.([no.sis .byr ,sta,tislical in- 
formation regarding acreage, yield of sngarcaiie pi'i* aiwc and im- 
ports o.f sugar in India, to varieties of cane, nu'liuxls of cullivaliou, 
manures required, localities Avliere sugar facloriiys can he* joit up, 
the machinery recpiired and how to get it, etc. 

As it is most essential to have an np-to-dalc libra, ly .for a (icidral 
place of rc'fereiu'e like Ibis, steps have been taken lo lay the funnda- 
tions of one which vrill grow in .Intiun. During tiui year under 
review 1,4.48, volumes have been receiind oillier by purcbusc, ex- 
change, or free supply, and they are being continually addcil io. 
Scientific and other jyeriodicals bearing on this indusiiy are lyclng 
siihscribed for. 

During the year under report X placed myself in l(yucli Avilii 
almost all the sugar experiment stations of ibc world, I In* jyrincipa! 
sugar machinery manufacturers in GTea,t Brita.in and liny (Ityilt'd 
State, s of America. In India I am m touch wiili ail lluy , sugar 
factories and also Avith the officers of the priyviucial Dcjyart nycuts 
of Agriculture connected with sugar and sugarcane. 
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As iituoiilioned above, I liave been appoiniod a inember of tlie 
Tiidian Siig’ni; (Joiiimittee in addition to niy duties as Secovlary, Ru^ar 
Bureau, wiili effeet from S6tli October, 1019. Tliis has j^'iveri 
mo a furilu'r o])portunity of getting- first band biio\vl('dg'(i of I he 
existing stale of the Indian sugar industry. 

On 14 tb. May, 1920, I and the Sup(vriMleiubMil, of loy ofliiS', 
llao Sabib Kasanji B. Naik, pro(‘e<Hlod with the Sugar (hnniuitleo 
to Java. Ifcre (be opportunity was taken of insjan-lijig all llu*) 
librari(?s in tbe experiment stati<»ns and in ibe od’uui of tb.e Seiu-etary 
to tlio Java Sugar Syndicate. A great deal of lilevahiro was (iollec- 
ted, and numerous points on wliieli we were uncertain as to flie 
inetbodvS adopted in Java were cleared uj). 1 also brougbi hack 
with me a collection, of tbe latest Java, va,i‘iet,ies, including a cane 
specially recommended for ISTorth India by Dr. desweit, Sugarcane- 
breeding Expert, Pasoeroean Exporimeut vSta(i<ui, wliieb bave been 
sent on to the Coimbatore Cano-bj-et'diug Slaiion foi- planting. I 
bave also arrang<‘d. by tbe kindness of !)r. .leswtu't, and Dr. K'uyper, 
otHcialing Director of the Pasoer(»ca,n ExpcM-ittnuit Station, to get 
any crosses done o,l: canes wbieb do iiot (lowtu' in India. It is aiiii- 
ciputed that ibis will be of invalnable assistjuic<‘ to Ibe sugar industry 
in Bihar, as no crossing- has billnu-lo been jmssibbi with, the Mungo 
fuinily wliicb up to date has :r<'rus('d to (lower in. India, 

PonmcATiON. 

I cmitriluiiod a ])a,|>er on World’s Sugar Su])ply vliieli 

was piildished ns a suj)pl(vnient to t he issue of the “ Indian '['rade 
Journal,” dated 12ih March, 1920. 
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